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Pantothenic Acid. III.

Analysis and Determination of Constituent Groups!

By Rocer J. WiLLiamMs, HARRY H. WEINSTOCK, JR., EwALD ROHRMANN, JouN H. TRUESDAIL,
HerscHEL K. MITcHELL AND CURTIS E. MEYER

Due to the peculiar difficulties involved in the
purification of pantothenic acid? we have been led
to use certain unconventional methods of attack
in connection with the study of the chemistry of
this substance.

We will consider data obtained not only by ex-

“amination and analysis of our most potent con-
centrates, but also by studying the behavior of
the physiologically active principle itself under
various treatments. It can be safely assumed
that an alteration in the chemical structure of a
physiologically potent substance will destroy
or at least materially modify its physiological ef-
fects. Especially safe does this assumption seem
in the case of a substance of low molecular weight.
On the above assumption it is possible to judge
the presence of specific active groups in panto-
thenic acid by treating it even in relatively crude
form with various reagents which will bring about
modification in structure and in physiological ac-
tivity, in case the suspected groups are present.

Oxidation Equivalent Analysis.—This mode of
study was originated in this Laboratory,®=% in
connection with the investigation of pantothenic
acid and has been of value as indicated below.

Numerous determinations on pantothenic acid
preparations of various potencies have shown
that all of the material with which we have dealt
during the later stages of fractionation is highly
oxygenated, similar in this respect to pantothenic
acid. Expressed in terms of milligrams of oxy-
gen required by one milligram of the calcium salts,
the oxidation equivalent values of materials of
potencies? 5000-11,000 have lain between 1.05
and 1.18. This is indicated in Table I. The
latter value, or within 19 of this value, was con-
sistently obtained on our best preparations.
Analysis was made by the iodate method.* For
complete oxidation of this material and to avoid
side reactions it was found desirable to introduce
two modifications of the procedure as previously
described, first the use of 809 sulfuric acid in-

(1) Original manuscript received June 8, 1938,

(2) Williams, Truesdail, Weinstock, Rohrmann, Lyman and Mc-
Burney, THIS JOURNAL, 60, 2719 (1938).

(8) R. J. Williams, ¢bid., 89, 288 (1937).

(4) Williams, Rohrmann and Christensen, ¢bid., 59, 291 (1937).

(5) Christensen, Williams and King, ibid., §9, 293 (1937).

stead of more concentrated acid, and second to
increase the heating up to ninety minutes at 190°

TABLE I
“*Potency’* of Ozxidation equiv,

prepn. Weight, mg. (mg. O/mg. material)

6,900 0.888 1.048

8,050 1.524 1.122

8,950 1.861 1.17
10,050 1.125 1.176
11,100 1.230 1.185

Because of the slow drift in the oxidation equiva-
lent values with purification, it seems safe to con-
clude that the value 1.18 cannot be far from the
true value even if it is admitted that the material
analyzed was not highly pure.

On the basis of three analyses, two for nitrogen
and one for calcium, the molecular weight of free
pantothenic acid is calcylated to be 195, 201 and
209, respectively. Using any one of these figures
and the method of calculation previously out-
lined,® we find that no formula agrees even approxi-
mately with the data except those in which five
atoms of oxygen are present. With this as a
basis the only formulas deducible for the free
pantothenic acid are CsH;;OsN and CsH;305N.
The former agrees better with the oxidation
equivalent data.

Elementary Analysis.—The most potent prep-
aration so far obtained was subjected to elemen-
tary analysis® with the results indicated below.
Previous tests on less pure samples had shown
the absence of sulfur, phosphorus and halogen.

Anal. Caled. for (CsH,OsN):Ca: C, 42.8;
H, 6.25; N, 6.25; Ca, 8.92. Caled. for (CgHp-
O3N).Ca: C, 43.2; H, 54; N, 6.3; Ca, 9.0.
Found: C, 42.06, 42.77; H, 6.30, 6.32; N, 6.54,
6.35; Ca, 8.77.

The data correspond well to the composition
(CsH1OsN)2Ca. This requires an oxidation equiv-
alent of 1.21, and agrees with the first formula
deduced from oxidation equivalent data. The
molecular weight 205 for the free acid corre-
sponds substantially with that of the physiologi-
cally active principle as determined by its rate of
diffusién.

(6) We are indebted to Dr. Randolph T. Major and Mr. D. F.
Hayman of Merek & Co., for the carbon and hydrogen analyses.
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Since the foregoing analyses seem to establish
the molecular formula for pantothenic acid as
CsH ;05N we shall present briefly the evidence
as to the presence or absence of various charac-
teristic groups, and the number of such groups in
the molecule.

Carboxyl Group.—The behavior of panto-
thenic acid in an electrical field” has indicated the
ionization constant to be approximately 3.9 X
10—5. This corresponds in strength approxi-
mately to that of a $8- or y-hydroxycarboxylic
acid. Since no other elements than carbon,
hydrogen, oxygen and nitrogen are present in
pantothenic acid, the presence of the carboxyl
group is strongly indicated.

The esterification of pantothenic acid and sub-
sequent hydrolysis can now be accomplished with-
out appreciable loss. The concentrate is allowed
to stand in a large excess of methanol 0.17 & in
sulfuric acid for one hour at 30°, whereupon the
physiological activity disappears practically com-
pletely. On allowing the resulting (neutralized)
ester solution to stand for one or two hours in
0.05 N sodium carbonate solution at 30°, the ac-
tive principle is nearly quantitatively recovered
(95-999,). Pantothenic acid likewise can be
esterified with diazomethane, and the original
activity almost wholly recovered on hydrolysis.

On electrometric titration with calcium hy-
droxide by means of a glass electrode, panto-
thenic acid was found to contain only one acidic
group per equivalent weight of 205, in agreement
with the analytical figures for the calcium salt.

Amino and Imino Groups.—Van Slyke analy-
sis of samples of pantothenic acid preparations
showed the absence of significant amounts of
amino nitrogen (Table II).

TAaBLE I1
Weight ML N

“Potency’’ of analyzed, at 8. C.
prepn, mg. (above blank) 9, amino N¢@
1000 10 0.14 0.85
1000 10 .04 .25
1600 10 .04 .25
1600 10 .035 .2
7760 2.5 .03 .75

® These values are subject to a considerable variation
since the measurement of very small amounts of gas was
involved.

Moreover, the active principle was found not
to be destroyed when treated with nitrous acid
under Van Slyke conditions, and allowing the ac-

(7) Williams and Moser, TrIS JOURNAL, 66, 169 (1934).

ANALYSIS AND DETERMINATION OF GROUPS IN PANTOTHENIC ACID

455

tion to proceed longer as for the e-amino group
in lysine gave the same results.

The absence of both amino and imino groups
was likewise indicated by the fact that the active
principle was not destroyed (789, recovered) by
treatment with p-bromobenzenesulfonyl chlo-
ride, and by the lack of marked basic properties on
the part of pantothenic acid. When a solution
of methyl pantothenate was treated with an ex-
cess of methyl iodide at 30° for forty hours and
subsequently hydrolyzed, the physiologically ac-
tive principle was recovered practically completely
(96-989,). This was interpreted to tmean the
absence of a tertiary nitrogen.

Amide Group.—That pantothenic acid pos-
sesses very feeble basic properties was shown in
electrolytic experiments in which it, along with
glucose and aspartic acid as reference compounds,
was placed at the outset in the anode compart-
ment of a five-cell fractional electrical transport
apparatus.® Approximately a 11,000 volt po-
tential was applied for twenty-four hours. It
was found that the weakly basic aspartic acid had
moved into the next cell (toward the cathode)
to the extent of 10.8% (as determined by micro
kjeldahl). A physiological test indicated a trans-
fer of 11.89, of the pantothenic acid. That this
was actually an electrical transport and not
a diffusion was shown by the fact that less than
29, of the glucose had moved from the anode
compartment.

Electrolysis of methyl pantothenate indicated
an even more pronounced migration toward the
cathode, considerable of the ester having been
found to have moved from the anode to the cath-
ode cell (pH 8.0). This was determined by the
physiological activity after hydrolysis.

When heated in alkaline solution pantothenic
acid preparations fail to yield ammonia, indi-
cating the absence of a simple amide group.
A substituted amide group remains a possibility,
and in fact a probability since such a group would
exhibit weak basic properties. It is difficult to
postulate another type of group which would
meet this and other requirements. Its destruc-
tion with acid and alkali® is in accord with the
supposed existence of an amide linkage.

Methoxy and Methyl Imino Groups.—Micro
Zeisel determinations on pantothenic acid prepa-
rations of potency 10,000 indicated no distilled

(8) R. J. Williams, J. Biol. Chem., 110, 589 (1935).
(9) Williams, Lyman, Goodyear, Truesdail and Holaday, Tas
JournaL, 85, 2012 (1933).
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iodide, even when the temperature was raised
up to 350-400°. The absence of methoxyl,
methylimino and homologous groups was there-
fore shown.

Olefinic Unsaturation.—Catalytic hydrogen-
ation experiments® have been repeated several
times on highly concentrated preparations with-
out substantial loss of activity both at room tem-
perature and at 80°. When a pantothenic acid
solution was treated with a large excess of bro-
mine in carbon tetrachloride and allowed to stand
for one hour at room temperature, practically all
of the physiological activity was recovered. The
absence of olefinic unsaturation was therefore
indicated.

Aldehyde and Ketone Groups.—Hydrogena-
tion experiments with Adams catalyst using
ferric chloride as an activator®® failed to cause
destruction of the active principle. Treatment
with sodium and sodium amalgam likewise failed
to destroy the physiological activity. Oxidation
experiments using ammoniacal silver solution,
hydrogen peroxide, permanganate, etc., indicated
that pantothenic acid is relatively difficult to
oxidize. Treatment of pantothenic acid with
phenylhydrazine in the presence of sodium ace-
tate at 85° for two hours, resulted in only a slight
loss of physiological activity. These experiments
all point to the absence of aldehyde and ketone
groups.

Aromatic Nucleus.—Through the kindness of
Professor F. C. Koch, of the University of Chi-
cago, a pantothenic acid preparation, potency
8500, was studied from the standpoint of its
ultraviolet absorption spectrum. No bands ap-
peared such as would have been present had the
material been aromatic in character. The ana-
lytical data likewise do not correspond to those
of an aromatic compound.

Hydroxyl Groups.—A considerable body of
evidence has been accumulated on the question
of the presence and number of hydroxyl groups.

The non-volatility of both the acid and the
methy]l ester indicated groups of this nature.
While the ester of the active principle has been
distilled in a molecular still in high vacuum, such
distillation was very slow.

The hydrophilic nature of the acid and ester
suggests the presence of hydroxyl groups. Even
the methyl ester is distributed between water
and ether in favor of the water.

(10) Adams, et gl., THIS JOURNAL, 48, 1071, 3029 (1923).
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More definite evidence has been obtained by
the use of various reagents, which (excluding
the presence of an amino group) could be con-
sidered to be more or less specific for hydroxyl
groups. In every case destruction of the ac-
tivity was obtained. The results are summa-
rized in Table II1.

TaABLE III
Time of
reaction, Y.
Reagent hours destruction

Acetic anhydride 24 95
Acetyl chloride 24 90
Thionyl chloride 0.4 85
Phosphorus pentachloride .6 100
a-Naphthyl isocyanate 24 90
Phenyl isocyanate 24 95
Chloroacetyl chloride - 24 90
Acetic acid® 10 <2

% In all these reactions 1-2 mg. of calcium salt was dis-
solved in 0.01 cc. of glacial acetic acid, and treated with a
large excess of the reagent at room temperature.

In the case of the chloroacetyl chloride, 30-609,
of the original activity could be recovered by al-
lowing the product to stand five hours with 0.15
N sodium carbonate solution at 30°. This in-
dicated that an actual esterification was taking
place, rather than some deep-seated reaction.

The solution of dry calcium pantothenate
(potency 10,000) in deuterium oxide and sub-
sequent drying resulted in a substantial increase
in weight, corresponding to the presence of from
two to four active hydrogen atoms. Subse-
quent solution in ordinary water and drying
brought the weight back to approximately the
original value. Due to the non-crystalline char-
acter of the product, this could not be made the
basis for a satisfactory quantitative determina-
tion of active hydrogen, but it served as a posi-
tive qualitative test.

Using a method recently developed in this
Laboratory!! 3.350 mg. of calcium pantothenate,
potency 10,500 (determined by later methods to
be about 859 pure), yielded, after nineteen hours
of heating with hydriodic acid at 141°, 0.0133
milliequivalent of substituted hydroxyl and
0.0204 milliequivalent of reduced hydroxyl. The
total hydroxyl was, therefore, 0.0337 milliequiva-
lent. The theoretical value for pure calcium
pantothenate with the formula given above and
two hydroxyl groups is 0.0299 milliequivalent.
Considering the impurity of the sample analyzed,
this was regarded as a reasonably satisfactory

(11) Mitchell and Williams, tbid., 60, 2723 (1938).
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check with the supposed existence of two hydroxyl
groups.

Further evidence for the existence of at least
two hydroxyl groups is based upon the observa-
tion that the physiological activity of pantothenic
acid was 989, destroyed by allowing it to stand
in the presence of acetaldehyde-hydrochloric
acid (19;) solution for sixteen hours at room tem-
perature. This activity was in part recovered
(509%,) by acidic hydrolysis. Similar destruction
and recovery was effected by using acetone or
benzaldehyde in place of acetaldehyde. This
strongly suggests that condensation products
similar to the well-known acetone glucose were
formed. This type of condensation can take
place with «, §8-, a, ¥- or «, é-glycols.!?

The basic property of pantothenic acid is so
low that the argument previously presented!?
still holds. Pantothenic acid is not strong enough
as an acid to be an alpha hydroxy acid. Further-
more, the ferric chloride test for o-hydroxy

(12) Hibbert, ef al., THIs JoUrRNAL, 46, 1288, (1924).
(13) Williams and Moser, ¢bid., 56, 169 (1934).
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acids!¥!5 was applied to purified calcium panto-
thenate with negative results.

We gratefully acknowledge the generous finan-
cial assistance of Standard Brands, Inc., of New
York, of the National Research Council, and
finally of the Rockefeller Foundation, whose sub-
stantial grant made the intensive study possible.

Summary

Oxidation equivalent analysis data and com-
bustion analysis data agree with the formula
(CeHOsN),Ca for the calcium salt of panto-
thenic acid. Studies directed toward the deter-
mination of constituent groups indicate the
presence in the molecule of one carboxyl group,
two hydroxy! groups and probably a substituted
amide group. The absence of amino, imino,
tertiary amine, simple amide, methoxyl, methyl
imino, olefinic, aldehydic, ketonic and aromatic
groups is likewise indicated.

(14) Mulliken, ‘‘Identification of Pure Organic Compounds,”
John Wiley and Sons, Inc., New York, N. Y., 1910, Vol. I, p. 78.
(15) Berg, Bull, soc. chim., [3] 11, 883 (1894).
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The Reaction of Carbon Suboxide with Methylmagnesium Iodide

By Joun H. BiLLManN aND CARL M. SMITH

A survey of the reactions of carbon suboxide!
shows that on treatment with water, alcohols,
thiols, ammonia, amines, hydroxylamine, hydra-
zines, and halogens, the expected derivatives of
malonic acid are formed in each case. However,
its reaction with organomagnesium halides, where
its dual ketene nature should lead to interesting
products, has not been investigated previously.

It might be expected that carbon suboxide
would react with two moles of Grignard reagent
to give an intermediate addition product which
on hydrolysis would produce a 1,3-diketone.

0=C=C=C=0 + 2RMgX —>
“dil. acid and
R—C(OMgX)=C=C(OMgX)—R ——>
ketonization
O O
I g
R—C—CH,—C—R
However, actually on treating an ether solution
of methylmagnesium iodide with carbon suboxide
(1) Reyerson and Kobe, Chem. Rev., T, 479 (1930).

in dry ether, no acetylacetone could be obtained
from the addition product even though the Grig-
nard reagent was present in excess throughout
the major portion of the reaction. The only
crystalline solid that was isolated melted at 155°.
Analysis and molecular weight gave an empirical
formula of C;3H;s0s. The chemical properties of
this compound suggested that it might be tri-
acetophloroglucinol. Accordingly a sample of the
compound described by Heller? and by Goschke
and Tambor?® as triacetophloroglucinol was syn-
thesized. A comparison of the synthetic and the
isolated compound was made and they were
found to be identical.

It was noted that during the reaction a pre-
cipitate formed. This addition compound uponu
hydrolysis was converted to triacetophloroglu-
cinol. Because of the formation of this latter
compound it is obvious that only one mole of
methylmagnesium iodide reacted with each mole

(2) Heller, Ber., 45, 418 (1912).
(3) Goschke and Tambor, ibid., 46, 1237 (1912).



