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e n z y i n e ~ . * ~ - ~ ~  Finally, the striking catalytic ef- 
fect of small concentrations of barium ion on the 
hydrolysis of copolymer A/An and its interpreta- 
tion in terms of the elimination of an inhibitory 
neighboring group effect adds yet another possible 
mechanism to those enumerated previously28 for 
the activation of enzymes by specifically required 
ions. 

In many cases low-molecular weight model com- 
pounds should serve as well or better than polymers 
i:i such model studies. However, copolymeriza- 

(1'3) B. S. Hartley and B. A. Kilby. Biachcin. J . .  50, 6 i 2  (1952); 

(3i) D. E.  Koshland. Disc. Favaday Sac., 20, 142 (19;s). 
( 2 7 )  G. C. Webster and J. E. Varner, Arch. Biochmn., 52, 22 (1951). 
(21)  I. 111. Klotz. "The hlechanism of Enzyme Action," ed. W. D. 

AlcElruy and I3 Glass, Johns Hopkins Press, Baltimore. N d . ,  p. 275. 

66. 288 (1954). 

tion is a very simple technique compared to the 
rather complex synthetic problems that might 
otherwise have to be faced. In addition, the use 
of polymers with a large number of hydrophilic 
groups makes i t  possible to  keep in aqueous solu- 
tion groupings which would otherwise be too insolu- 
ble for study. Both points niay be strikingly il- 
lustrated on the barium catalysis of A/An hydrol- 
ysis. To demonstrate a similar effect on a low 
molecular weight compound, it would be necessary 
to study the hydrolytic rates of the structures I I I  
and IV. 

It is clear that these materials would be very 
hard to prepare and that the chelate IV would 
be too insoluble for a kinetic study. 
BROOKLLS 1, S. Ti. 
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The isomerizatioti of ~-glycerose-3-C*~ by 1 68 .V sodium hydroxide a t  25" leads to lactic acid labeled alnw>t equally, .Lnd 
In contrast, saturated calcium hydroxide a t  25" converts ~-glycerose-3-C'~ to lactic acid wit11 5%'- 

An interpretation of these results is offered in terms of the X'ef-Isbcll 
o ~ l l y ,  in C-1 and C-3. 
nificant amounts of label in all three carbon atoms 
mechanism for the formation of saccharinic acids. 

In their classical studies' of the interconversion 
of reducing sugars by alkali, Lobry de Bruyn and 
Alberda van Ekenstein recognized certain varia- 
tions in the details of the reaction in the presence 
o f  different bases. Such differences have been at- 
tributed3 more recently to specific, cationic effects 
of the reacting bases. 

Different bases also 1ia1.e been observed to pro- 
tlucc clifferelit products, although under vcry dif- 
icrciit reaction conditions, in the isomerization of 
reducing sugars to saccharinic acids. Thus, D- 
glucose with calcium hydroxide a t  room tenipera- 
ture gives "a!'-D-glucosaccharinic acid as the priii- 
cipal six-carbon saccharinic acid, whereas the same 
wgar with hot 8 N sodium hydroxide is reported 
to give 110 trace of this acid, but rather the 
1,-filuconietasaccharinic acids plus ;L small amount 
! i f  ' I  a"-D-isosaccharinic acid.5 These results have 
l x c n  attributed6 recently to  variations in the ioIii- 
zatioii behavior of the intermediate sugar enediols 
:it different pH values, and a resultant channeling 
Oi the reaction into one or other of the alternative 
pathways of the Nef-Isbell mechanisrn.3~i 

In the present continuation of our studies8 on 
( 1 )  Abstracted from a thesis submitted by Eva K. Pohlen in par 

ti.il fulfillment of the  requirements for the degree Master uf Art>,  
n'ashington University. June, 1954. 

( 2 )  C. A.  Lobry de Bruyn and W. Alberda van Ekenstein, R r :  i,'o;'. 
olim..  14, 203 (1896); 15, 92 (1898); 16, 267, 282, 282 (18CJ7); 18, 
117 (1899); 19, l ( 1 9 0 0 ) .  

(3) A. Fuzin,  Bey., 68, 619. 1494 (1935); 69, 1041 (193G), J. C. 
Sowden and  R. Schaffer, THIS JOURNAL, 74, 499 (1952). 

(4) E. Peligol, Comfit. r e n d .  89,  918, (1879); C Schcil,ler, Ber., 
13, 22112 (1880); I-I. Kiliani, ibid., 15, 2953 (1882). 

(.) J.  I;. S e f ,  A n n . ,  376, 1 (1910). 
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saccharinic acid formation from CI4-labeled sugars, 
the action of saturated calcium hydroxide and of 
1.68 1\7 sodium hydroxide a t  2.5" on D-glycerose- 
3-C14 have been examined in an attempt to eluci- 
date further the course of the reaction in the pres- 
ence of different bases. The lactic, acetic and 
formic acidsg oht ined in each case were separatcd 
by chromatography and radioassayed in the forill 
of appropriate derivatiT-es. The acetic acid wa\ 
degraded* 10 by n-ay of 2-methylbenzin1idazole, 2- 
styrylbciizirnidazole and benzimidazole-2-carbox 
ylic acid to benzimidazole, and the lactic acidlo by 
way of 2-(cr-hydroxyethyli-benzilllidazole and bc~i -  
ziinidazole-2-carboxylic acid to benzimidazole, to 
obtain valucs for the relative distribution of radio- 
activity among the various carbon atoms. Thc 
percentages of the specific radioactivity of the lactic 
acid found in the individual carbon atoms of tllc 
products is show-n iri pirenthews i n  the acc0111- 
panying forinulas. 

HC02II (31) (44) C0A-I CHO 
I Nrt0I-I I 

I 
COiH (2.4) + (0) CHOIi HCOH 

CHP (40) (56) CHr *CHzOI-I 
I I 

iCa(OH)r  

C0J I  (37 )  (39) HCOzH 

CHON (13) + (5.6) COzH 
I 
I I 
CIir (50) (53) CHB 

\\.it11 I .(is LV sodiuiii liydroxidc, D-glycerose-3-C'I 
!.it.ldcrl lactic acid labeled nearly eclu;tlly, a t ~ d  C I I -  

( ! I )  
(IO) 5 .  Rosemarl. zbid., 75, 3854 (1953). 

\V. I , .  l C \ , i ~ ~ b  i tn, l  11. 11. Hass. iiJiz1 , 48, 2703 (1!12!;). 
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tirely, in C-1 and C-3. A similar distribution of 
label had been observed previously by Gibbs" in 
the lactic acid formed from the reaction of D-glu- 
c0se-1-C~~ with 3 N potassium hydroxide a t  50". 
I n  contrast, the lactic acid formed from D-glycerose- 
3-C l 4  and calcium hydroxide contained significant 
amounts of label in all three carbon atoms. A 
similar randomization of the label also has been 
observed8 in the lactic acid resulting from the action 
of calcium hydroxide a t  room temperature on D- 
mannose-l-CI4. The present results with D-glyc- 
er0se-3-C'~ can be interpreted in terms of the Nef- 
Isbell mechanism for saccharinic acid formation as 
follows. It may be assumed that the reversible 
isomerization of glycerose with dihydroxyacetone, 
in the presence of either base, is fast in comparison 
to the rate of saccharinic acid formation. Hence, 
the lactic acid is formed essentially from triose 

CHO CHOH CHpOH CHzOH CHzOH 
I 1 1  
I I I II I 

CHOH COH JJ ko ~f &OH ~f LHOH 

*CHzOH *CHzOH *CHzOH *CHOH *CHO 

I 

*C02H C02H 

J. 
*CO*H *CHO 

I NaOH I Ca(0H)Z I I 
I I 

enediol labeled equally a t  C-1 and C-3. The a- 
dicarbonyl intermediate of the Nef-Isbell mech- 
anism is, in this instance, pyruvaldehyde, l2 which 
is subject to migration either of the methyl group 
(saccharinic mechanism) or of a hydrogen atom 
(metasaccharinic mechanism). The latter migra- 
tion appears to be exclusive in the presence of 
sodium hydroxide to produce lactic acid labeled in 
C-1 and C-3. The migration of the hydrogen 
atom also preponderates with calcium hydroxide, 
but some migration of the methyl group also occurs 
to form lactic acid labeled in C-2 and C-3. A com- 
bination of about 75% hydrogen atom migration 
and 25% methyl group migration in the calcium 
hydroxide experiment would produce lactic acid 
with the labeling pattern found by radioassay. 

A consideration of the labeling patterns found 
in the acidic products suggests common carbon 
sources within the glycerose chain for the following 
pairs: (a) formic acid and C-1 of lactic acid, (b) 
C-1 of acetic acid and C-2 of lactic acid and (c) 
C-2 of acetic acid and C-3 of lactic acid. Thus, the 
cleavage of the three-carbon chain that gives rise 
to the acetic and formic acids, and which cannot 
occur by the Schmidt1a mechanism, appears to be 
an alternative reaction pathway in the rearrange- 
ment of pyruvaldehyde to lactic acid.g 

The condensation of triose to hexose in alkaline 
solution has long been known.14 Accordingly, six- 

CHOH CO ------+ CHOH + *CHOH 

*CHs 
I 

*CH3 
I 

*CHa *CHa 

(11) M. Gibbs, THIS JOURNAL, T2, 3964 (1950). 
(12) Pyruvaldehyde has heen identified in alkaline solutions of 

glycerose by V. Prey and E. Waldman. Monalsh., 83, 65 (1952). 
(13) 0. Schmidt, Chcm. Rem., 17, 137 (1935). 
(14) E. Fischer and J. Tafel, Bcr., 20, 1088,2566 (1887); E. Schmitz, 

rbid., 46, 2327 (1913); H. 0. L. Fischer and E. Baer, Helu. Chim. Acta, 
19, 519 (1936). 

carbon saccharinic acids are to be expected among 
the products of the prolonged action of alkali on 
glycerose. I n  the present work, "a"-D-glucosaC- 
charinic lactone was isolated in low yield from the 
D-glycerose-calcium hydroxide reactioll mixture. 

Experimental 
~-Glycerose-3-C14.-Eighty grams of D-mannitol, con- 

taining 100 ~ c .  of ~-mannito1-1,6-C'~,~~ was converted to D- 
glycerose-3-C14 ( [ Q ] Z ~ D  14" in water) by the method of Baer 
and Fischer.16 The intermediate 1,2 : 5,6-di-O-isopropyli- 
dene-~-mannitol-1,6-C~~ (74 g., m.p. 119') showed specific 
radioactivity17 of 3.6 X 1oj cts./min./mM. 

Isomerization of ~-Glycerose-J-C~~.-A solution (50 ml.), 
1.68 N in sodium hydroxide and containing 6.17 g. of D- 
gl~-cerose-3-C~~, was allowed to  stand in a stoppered flask 
under nitrogen a t  25" for 20 days. Sodium ions and neutral 
compounds then were separated from acidic products by 
passing the solution over appropriate columns of .4mberlite 
IK-100'8 and Duolite .4-4.19 Acidic products were displaced 
from the Duolite A-4 column with 1 N sodium hydroxide, and 
the effluent was freed of sodium ions by passage over Am- 
berlite IR-100. After titration with sodium hydroxide, 
the solution was concentrated to  provide the mixed sodium 
salts. 

To a solution of 10.2 g. of ~-glycerose-3-C~~ in 125 ml. of 
water was added 5 g. of calcium hydroxide. The mixture 
was maintained under nitrogen in a stoppered flask a t  25' 
for 5 months, and the sodium salts of the acidic products 
then were prepared as described above. 

Separation of Acetic, Formic and Lactic Acids.-Aliquots 
of the mixed sodium salts, amounting to  20% of the totals, 
from the two reaction mixtures were chromatographed on 
silicic acid as described previously.8 Efficient separations 
of pure acetic, formic and lactic acids were effected, with 

TABLE I 
DISTRIBUTION OF RADIOACTIVITY IN THE ACIDIC PRODUCTS 
FROM THE REACTION OF D-GLYCER0SE-3-Cl4 WITH ALKALI 

Radioactivity, 
Carbon cts /min./ 

Sample atoms mhZ X l o - *  

Sodium Hydroxide 
Lactic acid 

2- (a-Hydroxyethy1)-benzimid- 
azole 1,293 181 

Benzimidazole-2-carboxylic 
acid.2H20 1 ,2  80 

Benzimidazole 1 80 

2-Methylbenzimidazole 1 , 2  88 
Benzimidazole 1 4.4 

Benzimidazole ... 92 

Acetic acid 

Formic acid 

Calcium Hydroxide 
Lactic acid 

2- (a-Hydroxyeth yl) -benzimid- 
azole 1 

Benzimidazole-2-carboxylic 
acid.2Hz0 

Benzimidazole 

2-Methylbenzimidazole 
Benzimidazole 

Acetic acid 

Formic acid 

283 178 

, 2  88 
1 65 

92 104 
1 9 . 9  

Benzimidazole * . .  69 

(15) Obtained from the National Bureau of Standards through the 

(16) E. Baer and H.  0. L. Fischer, J. B i d .  Chcm., 128, 463 (1939); 

(17) All radioassays were performed directly on thin samples (75- 

(18) A product of Rohm and Haas Co., Philadelphia, Pa. 
(19) A product of Chemical Process Co., Redwood City, Calif. 

courtesy of Dr. Horace S. Isbell. 

THIS JOURNAL, 61, 761 (1939). 

100 ag./sq. cm.) as described previously., 
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peak volumes essentially the same as those observed pre- 
viously.8 The observed, total yields of acids, corrected for 
an  established slight loss on the silicic acid columns, were 
28 meq. of lactic acid, 1.6 meq. of formic acid, 0.8 rneq. of 
acetic acid and 6.0 rneq. (by difference) of other acids from 
the reaction with sodium hydroxide; and 12 meq. of lactic 
acid, 5.8 meq. of formic acid, 1.5 meq. of acetic acid and 20 
meq. (by difference) of other acids from the reaction with 
calcium hydroxide. 

Radioassay of Derivatives.-The separated samples of 
formic acid were converted to  benzimidazole; those of ace- 
tic acid to  2-methylbenzimidazole and benzimidazole; and 
those of lactic acid to  2-(a-hydroxyethy1)-benzimidazole, 
benzimidazole-2-carboxylic acid and benzimidazole as de- 
scribed previously.8JO .411 purified samples for radioassay 
showed melting points in agreement with reported values. 
Radioassay data17 for the various derivatives are shown in 
Table I. 

"a"-D-Glucosaccharinic Lactone.-After elution from the 
silicic acid column of the acetic, formic and lactic acids pro- 
duced in the reaction with calcium hydroxide (20% aliquot) 
with 1-butanol-chloroform,* the column was further de- 
veloped with benzene-methanol (8: l ,  v . / v . ) .  -1 frdrtioii 

of acidic material, containing sulfuric acid from the precon- 
ditioning of the column and organic acids, was obtained a t  a 
peak volume of 175 ml. Sulfate was precipitated from this 
fraction with barium hydroxide and barium ions then were 
removed from the filtered solution by ion-exchange. Con- 
centration yielded a light-colored sirup which was seeded 
with "a"-D-glucosaccharinic lactone. af ter  several Inonths, 
the crystals that had formed were separated on a porous clrly 
plate and recrystallized from water. The product ( r a .  3) 
mg.) showed the correct properties for "a"-o-glucosac- 
charinic lactone: n1.p. 160-162", [ a ] %  92" in water, c 0.3; 
quinine salt,*" m.p. 1-10-142' and laj% -114' in iwttir, 
c 0.5. Radioactivity o f  the lactone was approsiuintcly .1 
X 106cts./min./mM. 

_- 
(20) Nefj reports m.p.  152' for this salt. H. Kiliani m d  1'. Loef- 

Ber, Ber . ,  37, 1196 (1904). record m.p. 1.11-142°, and H. Kiliani, 1'. 
Loeffler and 0. hfatthes,  ibid., 40, 2999 (1907), record [a10 -I03.(is 
in water. Prepared in this T,aboratory from known "ar"-D-g~Uco- 
saccharinic lactone (obtained by the alkaline isomerization of 11- 

mannoses) and recrystallized se\-eral times from water--acetmc'. the 
salt showed m.p. 141--142a i i i i d  jai?sili - l l . - ) o  i i i  w:itcr r 0 1 ;  
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COMMUNICATIONS T O  T H E  E D I T O R  

THE PHOTOCHEMISTRY OF PREDNISONE ACETATE 
I N  NEUTRAL SOLUTION 

Sir: 
LVe recently reported1 that the medicinally im- 

portantZ prednisone acetate (I) was converted on 
irradiation in refluxing aqueous acetic acid into 11. 
Such a rearrangement reaction has been well ex- 
ern~lified.~ In neutral solution analogy with the 
photochemistry of santonin4 would suggest that  
products of a different type would be formed. LVe 
now wish to report that  irradiation of I with ultra- 
violet light in ethanol solution affords lumipredni- 
sone acetate (111), m.p. 224-226", [a]D -84" (c 
0.80; all rotations in CHCls), XXmax 218 and 265 mp 
( e  5,900 and 2,300, respectively; all E in EtOH), in- 
frared max. (all max. in CHC1,) a t  1735 (21 ace- 
tate), 1708 (11 and 20 ketones), 1690 (conjugated 
ketone) and 1575 (conjugated C=C) cm.-l; 
calcd. for C23H2806: C, 69.0; H, 7.05; 3 C-Me ( I  
from the 21 OAc), 11.3. Found: C, 68.95; H ,  
7.05; C-Me, 9.5%. The spectra are typical of an 
~mbellulone.~+5 Palladized charcoal hydrogena- 
tion of I11 gives a saturated dihydro-derivative IT:, 
111.1). 200-203", [ a ] D  4-95' (C 1.15), Amax 207 ITIp 
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Payne, M. E. Tully, 12f. A. Jevnik and E. B. Hershberg, i b i d . ,  77, 4184 
(1955) 
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(1957); D. H. R. Barton and J. E. D. Levisalles, unpublished ob- 
servations. 

(4) D. H.  R. Barton, P. de Mayo and  31. Shafiq, Proc. Chem. SOC., 
205 (1957); J .  Chem. Soc., in press; D. Arigoni, H.  Bosshard, H. 
Bruderer, G. Biichi, 0. Jeger and L. J. Krebaum, Helv. Chim.  Acto, 40, 
1732 (1957); see also W, Cocker, K. Crowley, J. T. Edward, T. R. H. 
McMurry and R. T. Stuart, J .  Chem. SOC., 3416 (1957). 

(5) R. H. Eastman, THIS JouRNAr., 76, 4115 (1954); a n d  rpf% there 
cited. 

( e  8,100); expected infrared max.; calcd. for C?,j- 
H3006: C, 68.6; H, 7.5. Found: C, 65.5; H, 
7.65. The ultraviolet spectrum coupled with 
stability to ozone show the presence of conjugated 
ketone and cyclopropane g r o ~ p s . ~ J  Treatment of 
I11 with 0.2% HClOh in acetic acid a t  85" for 20 
minutes affords an isomer V, m.p. 202-204°, [a]D 
-103" (c 0.50), Xmax 241 nip (E 10,600), expected 
infrared max.; found: C, 6S.8; H, 6.85; C-Me, 
11 .9y0. Hydrogenation over palladized charcoal 
gives a dihydro-derivative VI,  m.p. 192-195", 
[ a ] ~  +127' (c 0.50), Xmax 251 mp (e  8,700), ex- 
pected infrared max.; found: C, 68.6; H, 7.33; 
also obtained from I V  by isomerization over alu- 
mina (Brockmann6 Grade 111). The ultraviolet 
subtraction curve of VI from V gave Xmax 210 nip 
( e  7,300) in a good agreement4!' with that expected 

CH,OAi CH,OAc 

c=o  c-0 
, 

0 v  0 V I  

(6) H. Brockmann and H.  Schodder, B c , K ,  74,  73 (1941). 
(7)  R .  B. TA'oorlward, THIS JOURNAr., 63, 1123 (1941); 64, 7G 
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(1942); A .  E. (;i l lam :inc1 T, F. n ' c s t ,  .T ChPm Cor . ,  -186 (1942). 


