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I, IRTRODUCTION

The chemical nature of vitamin Byy, a material of
extraordinary pharmacologicel potency, has not &s yet
been slucidated, Th@ molecule of this vitamin is so
large that some uncertainty even exists in its empiriecal
formula a8 based on the most careful ultimete analyses,
Fregments amounting to about one~third of the whole have
been stripped from the molecule by digestion with hydro-
ohlorie acid and have been identified. OSome information
about their iinkage to é&ah gther and to the whole has
been secured. The metal cobalt, and the acld radical
eyanide, have been shown to be preseunt, occurrences which
are unique among bilochemical materials., The major portion
of the molecule, however, that part bearing the metasl, is
a material of remarkable gtabiilty, resistant to the usual
methods of attack, and after four years of effort by num=
erous investigstors still largely unknown. The signifi-
cance of vitamin Bla in medicine and nutrition alone is
ample to justify intensive research to unravel its chem-
istry; the unexpested conposition and unique chemical
behavior present & challenging problem worthy of the best
intellectual and scientific effort,

The work presented in this thesis is a further in-
vagtigation of the fragments of vitemin Blﬁ produced by
hydroechlorie acid hydrolysis. The quantities of these



fragnents and thelir chemical and physloasl characteriza«
tion constitute the bulk of the work. COertain reactions
of the intact molecule of the vitanin were investigated
in deteil, as they bore on the problems of struebure and
composition. In partioular, the catslybic activity of

the vitamin in oxidation reactlions was studied,
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II. HISTOHRICAL

The presence of an anti-pernicious anemla factor
in whole liver extracts has been known since 1926 (1).
The isclation of the pure factor proved to be an excep=-
tlonally difficult task and twenty-two years elapsed
before the faotor, now known ags vitamin Blz’ was 180~
lated (2, 3). It was necessary to follow each step in
the lsolation by the slow, erratlc and expensive clinicsl
response of pernicious anemia patients. The factor proved
to be rather inert chemically and to be present in liver
in only minute quantities. Following the discovery of
a mierobiological method of assay (4), the isolation and
erystallization of the factor was rapidly achieved by
chenists of Merck and Company in Hew Jersey.

At present the vitamin 1s obtalned from fermenta-
tion broths of 5, griseus and 5. gureofaciens
than by the lengthy and cumbersome isclation from liver,

s+ Trather

In addition to its use 1in the tresitment of Addlae~
onian pernicious anemia (5}, vitamin By, has also been
found beneficial in the treatment of sprue and nustritional
macrocytic anemla. It is known also to be ldentical with
the so-called "animal protein faotor”, that is, & growth-
promoting aubﬁéanaa involved in animél nutrition. ZEvi-
dence has also been presented that it may be effeoctive
in treatment of chronie allergic bronohitis (6).
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Vitamin 312 appears to be involved in a variety of
physiologleal functions., It is believed to be involved
in transmethylation. There appears %o be an interre~
latlionship between the folle acid and the By, require~
mente of organisma., IV is possibly implicated in purine
and pyrimidine syntheses. There 1s evidence that asoorble
acid may ald iﬂ.ﬁla utilization.

Vitemin By, is one of the most potent physiological
materials known; as little as a microgram a day may be
suffieient in the treatment of anemia. It is also one
of the least toxie,

The formula of vitemin By, is approxinmately
Ce1.64B86~9214035C0, the minimum molecular weight being
about 1300 (7). It ls soluble in water., It crystallizes
from a water-~acetone mixture in birefringent orystals
which fail to melt up to 300° but darken around 210° to
220°., The material is l-rotatory with a specific rota-
tion of [«] gg&a S -5y &£ 92 (7). In aqueous solution it
ghows absorption mexima at 278 mu (B %%am. = 115), 38l
ma (B %%am. = 204) and 550 mu (B %%ém. s 63).

A mmmd material, vitamin By, , may be obtalned
from vitamin 312 by catalytic hydragaﬁatign {8). Vitamin
El&& may also be prepared by illuminastion of an acidie,
aqueous solution of Byg (9). It is believed that Bygg
differs from By, only by the replacement of the cyanide

group of Byp (10) by & hydroxyl group (11}.



Uther 313 analogues have been prepared by replace-~
nment of cyanide by various anions such as nitrite, sul-
fate, chloride and oyanate (11, 12). Because of the
various analogues possible, 1t was suggested that the
name cobalamin be assigned to all of the By, molecule
axcepting the oyanide (11, 18). Then the compounds
eould be referred to by Werner n&maﬁal&ﬁura 88 oyano=
cobalamin, nitrito-cobaslamin, hydrozxo-cobalamin, ete.
Such compounds have high biological aectivity, although
not usually as high as that of Byp itself.

The presence of gggggda in Byp was discovered during
an oxidation of the vitamin 1n dilute sulfuric acid with
potassium permenganste (10). By alkaline permanganate
oxidation, elght organic acids have been isolated, four
of which were identified (13). %ita these exceptions,
the most informative studies have been by aclid hydro-
lysis.

The aeid hydrolysis of Byp vields a number of
small, or relatively small fragments, as well as the red
acid fragment whieh amounts to appraxim&tal§'twwwthirda
of the molecule and still contalns cobalt. Ammonia, 1=
amino-2-propanol and three benzimidazole compounds have
been isclated and identified in varylng emounts depending
on the conditions for the hydrolysis,

A "pinhydrin-reacting " product was reported fron

the acié hydrolysis of By, {(14). It was Tirst char-



acterized as Z-aminopropancl (15, 18), but it was later
shown to be l-amino-2-propenmol (17). The actual amount
of this product has been reported asg both one and two
moles (18, 19).

Three components arising from the acid hydrolysis
of 3&3 have been reported and referred to as the «, 3
and » components (19). The v component was shown to be
5,6«éiﬁﬁthylhanzimi&aaola {21, 22)., The B component was
shown to be l- L« o ~pibofuranosido-H,6-dinethylbenzinida~
zole (23) and the « component to be a phosphate ester of
the ribvose portion of the 2 component (24). The actual
pogition of the phosphate on the rivose portion is not
definitely known yet, but it has been established that
it is on the second or third carbon atom. The «£ com-
ponent predominates under relatively mild hydrolytie
condlitions, while the » component is obtained only with
‘strong acid at elevated temperatures,

Ammonia is produced on hydrolysis or hydrogenation
&8 reported by several workers {13, 16, 18).

The large skeletal portion of the molecule which
remeins on mild aeid hydrolysis is very much a mystery.
It is koown to be aﬁiéiﬂ and to contain cobelt (14). It
forms & purple resction product with cyanide in alkaline
golution (26), Other than this, little information as to

its properties or constitution has been reported,.



iXl. BEPERILMBNTAL WORK

4. The Distribution of Nitrogen in Vitamin By,

A definitive alloeation of the nitrogen atoms pre-
sent in the molecule of vitamin B,, has not yet been re-
ported. The total number of nitrogen atoms, as determined
by ultinmate analyses, has been definitely aét&biﬁah&ﬁ as
fourteen (7)., Vitamin Bypgs in which oyanide has been
replaced by hydroxyl, has one less nitrogen atom in the
molecule, that is, a total of thirteen, and we confirm
this figure by ultimate apslysis.

Of the fragmenbts isolated from the products of
hydroehloric acid hydrolysie of 3&%* five contain nitrogen:
thet is, 5,6-dimethylbenzimidazole (20, 21), emmonia (16),
l-gmino~2~propanol (17, 18, 19, 26), a red acldie, cobalt~
bearing fragmsnt (14), and cyanide (10). The benzimidazole
agoounts for two of the nitrogen atoms. A precise deter-
mination of the amount of ammonia has not been made, al~
though it has been reported that the ammonlia corresponds
to five to six atoms of nitrogen (13). Five acid amide
groups have bsen reported (27); these would yield ammonia
on hydrochloric aeid hydrolysise so that the number of
armonia atoms produced ia probably five., The number
of l-amino-Z8-propancl groups in the Blg molecule has
been contradietorily reported as two (18) and one (19).
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The red acid fragment has not been purified and crys-
tallized and no ultinate analyses of it are avallable;
agcordingly its nitrogen content is not known., It is
guite definite thet only one oyanide group is present.
in summary then, the current knowledge of the nitrogen
chenistry of vitamin sz shows:

5,6-Dimethylbenzinidazole 2 nitrogen atoms
Apmonis from aclid amide 5oré
l-dpino~2=propanol 2 orl
Hed acld fraguent ?
Cyanide e

Total {known) 14

By the present work, the uncertainties in this
distribution have besn removed. The final experiment was
agtually performed on vitamin ﬁl&a’ inasmuch as prelim-
inery work showed that competing reactions of the cyanide
| group during the hydrolysis introduced a degree of un-
certainty into the Iinterpretation of the results. That
is to say, the cyanide is expelled in part as hydrogen
cyanide, hydrolyzed in part to ammonium formate, and
oxidized in part to carbon dioxide, By using vitamin
B)g,, Such embiguity was avolded. |

The experiment, in brief, consisted of hydrolyzing
a carefully purified and analyzed specimen of Bygg
with hydrochloric acid in & streeam of oxygen~and carbon



dioxide~free nitrogen and eollecting any cerbon dioxide
liberated in the nyﬁralyais, The hydrolysis mixture

was then subjected to a Uraig ecountercurrent distribution
between butenol and 1.0 N hydroechloric acid; this sepa-
rated the various components of the mixture., The material
from each tube of the Cralg apparatus was then analyzed
for benzimidamole, red fragment, cobalt, total nitrogen,
and amsonia nitrogen.

2.

. tus an xpials, Crystalline vitamin
Byp obtained from the Squibb Institute for Medical Re-
pearch, New Brunswick, New Jersey, was reorystallized
from water. This meterial was then sonverted to vitamin
Blﬁﬁ by hydrogenation over & platinum catalyst and oxi-
dation of the resulting ﬁlﬁa {8). The Elaa was then
erystallized from an scetone~water mixture., The final
material was orystalline and ol a deep red color.
Found: Hp0 (80°, vacuum, 4 hrs.), 8.95% (by 7. Ellingboe),
8.58% (by B. W. D, Huffman), 9.14% (by J. 4lioino); Co=
balt: 4.24, 4.30% (colorimetrie, by J. Ellingboe), 4.26%
{eolorimetrie, by I, Brierly) 4.42% (residue of CoS04
by J. &lleino); Nitrogen: 13,08, 13.20, 13.48% (Dumas
by k. W, D, Huffman], lﬁ*ﬁ?%-(ﬁuﬁaﬁ by 4. Alieino),
ave,: 1%5.287%. Ratio of nitrogen to ocobalt (using
colorimetrie cobalt value) 13.0 to 1,

The standard solution of leamino~Z-propancl used
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for the determination of distribution coefficient and
steam-volatility was obtained from Zastman Kodak Company,
prastical grade., The material was fresghly distilled and
collsoted at 1599-160°.

The hydrolysis apparatus consisted of a 200 ml.,
round bottom flask provided with & gas-inlet tube sealed
into the side of the vessel and a reflux condenser. Tank
nitrogen was introduced into the system through a train
sousisting of vanadous mlfate (28), a U-tube containing
magnesium perchlorate and a tube containing Ascarite,
From the top of the condenser the exiting gases passed
through a trep containing silver nltrate, a U~tube cone-
taining magnesium perchlorate, and a Turner bulb packed
with Ascarite.

The countercurrent distribution was performed in a
Craig alle-glass apparatus employlng equllibrated solu-
tions of 1 N hydrochloric acid and igg-butanol.

All spegtrophotometrie data were obtained with a
Beoknan DU speectrophotometer,

b. Hydrolysis procedure and carbon dioxide deter-

nination. 4 carefully welghed amount of 31%&* 501.3

mg., containing 8.95% moisture, was dissolved in 50,00
ml. of water in the hydrolysis flask. Two 0.10 ml.
aliquote were taken for cobalt and speetrophotometrie
analyses respactively. HNitrogen, free of carbon dloxide

and oxygen, was swept through the system for 3 hours,
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at which time the Turner bulb was removed and welghed,
The Turner bulb wes repluced and 4.8 nl, of 11,6 ¥
hydroeohloric acid was added %o the solution to give a
final hydrochlorie acid concentration of epproximately
1 N, The solution was then heated et 100° for 22 hours
by means of an oil bath., UNitrogen was swept through
the systen cvontinuously during this period,

The Turner bulb was removed and weighed and the
hydrolysis solution quantitatively transferred to a 100
ml, volumetrio flask; the solution was then dlluted to
volume with water. Three 1.00 ml. aliguots of this
solution were taken for cobalt analyses and three 1,00
ml, aliguots taken for determination of ammonia nitrogen.
The solution, now equivalent to 427.3 ng. Eiza’ was then
transferred to an evaporating dish and evaporated to
dryness in & vatuum desioccabtor over nagnesium perchlor-

ate and sodium hydroxide pellets.

: ) : The dry residue

was dissolved as completely as possible in 1 N hydroehlorie
acid which hed previously been eguilibrated with iso~-
Putanol. 411 of the meterial would not dissolve in the
amount of lower layer reguired to fill tube zero of the
Craig apparatus to the pour-off point (31 ml.), so the
remaining red material was dissolved in equilibrated
lgg-butanol, whieh constitutes the upper layer of the

system, and this was then introduced to tube zero., The
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vesgel which had conteined the residue wags finally
rinsed with 5 ml, of lower leyer and this was intro=-
duced to tube 1 of the apparatus. Forty t&ansfars were
then performed.

The tubes were dralned into amrréapon&ingly TV
bered 100 ml, volumetric flasks, each tube rinsed with
25 nl, of ethanol and the solutions diluted to volume
with water. The addition of the25 ml, of ethanol to each
flask resulted in a ecompletely h@magﬁmacaaisalutian.

d.

copho tom ¢ Thﬁ gontents of each
flask were read at 278 mu and 546 m« ., The absorption
peak for the benzimidazole moisty is at 278 m«, and the
red acid fragument absorbs characteristiecally at 346 m«,
A plot of the distribution at two wavelengths is shown
in Fig, 1 and the actual date are given in Table 1.
(11) Analyses for total nitrogen. Aliquots

of the 100 ml., representing each tube of the Cralg dis-

tribution were digested in the usual kjeldahl manner.

The Kjeldanl ammonis was &&tafmiﬁaﬁ %y titretion of a

7 minute steam-distillate from alkaline solution. The
distillate was ecollected in 5 ml, of 4 percent baria acid
gontaining 2 drops of methylene blue-methyl red indicator
and titrated with standard hydroohloric aeid, The hydro-
ghloric acld was standardized by distlllation of ataﬁ&ar&



3‘134 1.

Distrivbution of the Red Acid Fragment and
Benzinmidazole as Determined by
Spectrophotonetric Analysis,



Absorbancy

1

\/

Tube Number

é\ e

I.I\|\\ \ILr\\\\\l\\\ | |
IS A i 'SR I BT N U O O B B O 14

S o] 15 20 25 30 35 40



16

Table 1

Distribution of Benzimldagole and Red Aeld
Fragument in Bypy Hydrolysate from
Absorbaney Determinations®

% of % of

Tube No. 2,276 mu®  Total  ,,346 m®  Total
0 0.073 0.095 0.033 0,071
1 0.066 0,085 0.054 0.073
2 0,046 0.081 0.036 0.078
3 0,099 0.1%0 0,087 0.080
4 0,110 0.145 0.045 0.087
5 - 0.108 0.148 0,080 0.108
6 0.132 0.174 0.047 0.103
y 0.202 0.266 0.054 0.117
8 0,526 0.428 0.057 0.123
9 04487 0.613 0.058 0.125

10 0. 756 0.968 0.083 0.136
11 1.10 1.450 0.066 0.143
12 1.41 1,850 0.073 0.158
13 1.75 2,300 0.077 0.166
14 1,91 2.510 0.082 0.177
15

2.07 8.720 0.100 0,216

8penzimidazole absorbs characteristically at
278 m« with negligible absorption at 346 me ,
Red fragment absorbs at both 278 mu and 346 me .
®511% 1,75

511t 0.425
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Table 1 (Continued)

% of % of
Tube Mo, As278 mu Total 2046 mu Total
16 1.97 2,590 0.107 0,851
17 1.82 2,590 0.112 0.242
18 1,50 1.970 0,154 0.289
19 1.27 1.670 0.146 0,516
20 0.985 1.295 0.185 0.357
21 0,750 0.985 0.186 0.408
22 0.632 0.830 0.212 0.458
23 0.532 0.700 0.233 0.504
24 0.495 0.650 0.260 0.562
265 0.458 0.602 0.277 0.599
26 T 0,503 0.661 0.309 0,668
27 0.530 0.696 0.334 0.722
28 0.613 0.806 0.373 0.806
29 0.695 0,915 0.414 0.895
30 0.792 1.040 0.468 1.010
31 0.970 1.270 0.572 1,240
32 1.25 1.640 0.725 1.570
33 1.65 2,170 0.950 2.080
B4 2,28 5,000 1.45 3.140
35 5,08 4.050 2.20 4,760
36 4.55 5.980 3.58 7,740



v

Table 1 (Continued)

% ‘af | | % of

Tube Ho. 49278 mu Total 21346 mu Total
58 2.60 12,610 8.83 17,790
59 12.00 15,750 10,08 21,750

40 10.01 S 13,150 6.45 18.250

Total 78.08%9 46,249




18

ansoniun sulfate solutions. The dlstribution of total
nitrogen 18 represented in Fig., 2. The data for the
nitrogen curve are given iu Table 2.

(111)

ness under reduced pressure., The residue was transferred
guantitatively to the distillation apparatus and steam-
distilled for 5.0 minutes from alkaline solution. The
distillate was collected and titrated as in {(1i) above.
The distrivution of ammonia nitrogen is shown in Fig. 2
and the data are given in Table 3.

If the allquots were distilled for 7.0 minutes, sonme
l-amino=-2«propanol distilled and this was subsequently
titrated slong with the ammonia. Control distilletion of
standard l~amino=-2-propancl solubtions conteining 5.8 mg.
and 9.5 ng. of l-amino-2-propanol showed titratable base
in 7 minutes distillation, but no base in 5 minutes for
either solution, This awount of l-amino-2-propsnol, 3.8
mg., represgents approximately 8,0 percent of the theoret-
isal l-amino-Z-propanol in %18& on the basis of 2 moles
per mole of Byp,, and 1s somewhat more than the amount of
l-gmino~2~propancl to be encountered in the aliguots taken
for analysis from the distribution experiment.

it was attenpted to determine ammonia by Hessleri-
gation, but difficulties were encountered. Filrst of all,

a good standurd ourve for nitrogen in the amounts of 10



Fig. 2
Distrivution of Nitrogen in 313& Hydrolysate.

{Total nitrogen obtained by Kjeldahl
digestion, dlstillation and titration.
Ammonia nitropen obtalned by distilla~-
tion and titration.)
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Table 2

ﬁimrimti@n of Total mwo%an in
lﬁa Hydrolysate®

Tube No. Mg, N % of lioles of N.
| Total Corr'd, to 13°
4] 7.9%76 14,49 1.884
1 9.750 i7.7% 2,302
2 6.196 11,26 1,464
s} 2,766 5,08 0.653
4 1,156 2.10 0.273
<] 0.514 0.923 0.121
6 0.281 0.46 0,060
7 0,528 060 0.078
8 0.211 0.38 0.049
9 0.264 0.48 0.062

10 0,487 0.83 0.108
11 0.538 0.98 0,187
iz 0,833 1.15 0.150
13 0.704 1.28 0.188

s

0.786 1.45 0.186

SPotal nitrogen was determined by Kjeldahl
digestion, distillation and titration.

Protal nitrogen recovered equals 97.3 pergent of
the nitrogen taken as calculated from a value of
13,24 percent nitrogen in By,..

%mlm of nitrogen per tube corrascted for each
tube by multiplying the perocent of the recovered
nitrogen in each tube by 13.



Table 2 (Continued)
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twe o, Mg N Bowr  Gosrla. e ls
15 0.879 1.60 0.208
16 0.836 1.52 0.198
17 0.685 1.24 0.161
18 0.694 1.26 0.164
19 0.600 1,09 0.142
20 0,539 0.98 0.127
21 0.466 0.85 0.111
28 0.579 0.69 0.090
23 0,337 0.61 0,079
24 0.537 0.61 0.079
25 0.288 0.51 0.066
26 0.286 0.52 0.068
27 0,545 0.63 0.082
28 0.392 0.71 0.092
29 0.5398 0,71 0.092
30 0.373 0.68 0,088
31 0.555 0.64 0.083
32 0.510 0.93 0.121
53 0.575 1.04 0.185
34 0.721 1,51 0.170
35 1.0086 1.83 0,238
36 1,430 2,80 0.338
37 1,836 3 .54 0.4%4
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Table 2 (Continued)

% of Moles of N.
Tube HNo, Mg, N Total Corrtd, to 13
36 | 2,448 4,45 0.578
59 3,078 5.59 0.728

40 2,736 4,97 0.646

Total 56,047 100,01 12,9381
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Table &

Distribution of Ammonia and Non-Volatile
Nitrogen in the Tubss Containing Aumonis

a8, b

Kge of N %@las gf
Tube No. as NHg '

lig., of

loles of
Non-Vol. ¥ Non-Vol. N

4

0 1.229 0.283
1 8.078 1.86 1.938 0.440
2 4,798 1,10 1.565 0.381
8 1.890 0.43 0,961 0.818
4 0,754 0.17 0.433 0.1138
Total 28.482 .16 6,113 l.421
a;‘ ‘ —

Pon-volatile nitrogen obtained by subtraction of

hmmonla determined by distillation and titration.

ammonia nitrogen from total Kjeldahl nitrogen.

- ®Caloulated by multiplying the
total nitrogen in 313& by 13.

d0alculated by multiplying the
total nitrogen in By, by 13.

fraction of the

fraction of the
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AMge to 180 ug, was not obtalned, A Koch and MelMeskin
reagent was used. 4Actually absorbance determinations
at 480 p« and 520 n« amounted to less than the blank at
these low concentrations. A ressonable standard curve
wag obtained for nitrogen concentrations ranging from
0,100 mg. to 1.000 mg. nitrogen per 100 nml, and deter-
mined at 500 m« . However, this required that aliquots
of 50.0 ml, from tubes 3; 4 and b be taken., When the
evaporated aliquots of these tubeg were distilled and

immediate turbidity oecurred. The reason

Nesslerized,
for this turblidity has not been determined, but it was
proven that the l-amino~Z-propenol was not responsible

by the Nesslerization of standard l-amino-2~propancl
solutions. In the amounts of l-amino-B-propancl to be
expeoted, no color change from the blank was found and

no turbidity wes produced.

The reagent of Vanselow (29) wag next tried and
again in attempting to prepare a standard curve, absorbe-
ance values less than the blank were obtained. However,
when no sulfuric acld was employed, a reasonable standard
gcurve for nitrogen in the amount of l0oug. to 260 « g,
was obtained et 500 m« . Therefors, aliquots from the
distrivution experivent were evaporated to dryness and
distilled 5.0 minutes (to avoid distillation of l-amino-
g-propancl). The distillate was collected in water and

Wesslerized., The results were extremely erratiec and con=-
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pletely inocapable of consideration.
(iv) Analyses for cobalt. 4Aliquots repre-

senting each tube of the Oraig dlstribution were evapor-
ated to near-dryness and digested with a perchloric acid-
nitriec aeid mixture until a colorless solution was ob-
tained, The solution wes then evaporated to near-drynesas.
In & few cases 1n.whiah the solution was evaporated to
complete dryness, & small amount of hydrochloric acid

was added to dissolve any basic cobalt or cobalt oxide
before transferring the digest. The acidic digests were
then neutralized with sodium bicsrbonate after the addi-
tion of 2.0 ml. of 0.2 M citric acid. The solutions were
transferrved to 25.0 nl. volumetric flasks end diluted to
volume. Appropriate aliquots of these solutions wers
taken for determination of eobalt by the nitroso-R methe
od (80). The cobalt results are illustrated in Fig. 3.
‘The date for the cobalt durve are given in Tabls 4,

goefficient. A weighed mmount, .97 mg., of freshly dis-
tilled l-amino~8<propanol was diluted to 25.00 ml., with |
1 N hydrochloric acid previously egquilibrated with iso~
butanol. 4 1.00 ml, aliquot of this solution and 14.00
ml, of equilibrated 1 W hydrochlorlec acid was shaken
thoroughly with 15.00 ml. of equilibrated jgo-butanol.
The two layers were separated and to each layer an equal

volume of the opposite layer was added., 7To both was



Fig, 3
Distrivution of Cobalt in By,  Hydrolysate

(Cobalt determined colorimetrically with nitroso-R salt)
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Table 4
Distribution of Cobalt in By, Hydrolysate®

. Co
Tube No. Kg. Co Barr’d. to lo&%b

Q 0,869 0,994
1 0.3850 0.359
2 0.085 0.087
3 0.039 0.040
4 0.026 0.026
5 0,030 0.031
6 0.052 0.053
7 0.045 0,046
8 0.045 0.046
9 0,033 0,054
20 0,044 0.045
11 0.033 0.034
iz 0.074 : 0.078
13 0.060 0.0862
14 0.094 0.098
15 0.033 0.034
16 0.081 0.083

e
-3

0.083 0,088

ACobalt recovery equals 97.4 percent calculated
from value of 4.26 percent cobalt in original
Bygg Tound by analysis.

h@mb&lﬁ in each tube corrected to 100 percent by

dividing cobalt found by fraction of total actual
cobalt (0.974).
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Table 4 (Continued)

, lg. Co
Tube No. g, Co Corr'd, to 100%
18 0,070 0.072
19 0,089 0.091
20 0.075 0.077
21 0.088 0,090
22 0.083 0.086
2% 0,100 0,103
24 0.089 0,081
25 0.124 0,127
26 0,090 0,092
27 0.118 0,121
28 0.119 0.120
29 0.136 0.140
30 0.173 0.177
31 0.275 0.281
32 0.308 0.309
33 0,420 0.428
34 0,410 0.418
35 0,430 0.439
56 0.988 0.957
39 1,925 1.964

38 2.825 2,682
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Table 4 (Continued)

. : ; Mg, Co
Tube No, Hg. Co Corr'd, to 100%

39 B.675 3,748
40 3,000 3,060

Total 17,785
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added 10 ml, of ethanol and sach finally diluted to 50.00
ml, with water. Aliquots of esch solution were eveporated
and digested in the micro-Kjeldahl mammer, distilled from
alkaline solution and titrated with standard hydroechloric
acid. The ratio of the volume of hydroschloric acid re-
quired for the upper and lower layers represgents the dlise
trivution coefficient for l-amino-2-propanol for the isg=-
butanol~l N hydrochloric acid system, and was found to
have a value of 0.065. The theoretical distribvution curve
caleulated from this distribution eoefficient is shown in
Pig. 4, along with the non-volatile nitrogen found in
tubes O through 7.

f. ’@alﬁglatimna‘ The total nitrogen valus was
taken as 13.24 peroent of the dry welght of Byp, em-
ployed. 7The total cobalt value was obtained from the
| anﬁiy&ia of aliguots of the hydrolysis solution. The per-
¢ent recovery of nitrogen and cobalt was calculated on
these bases.

The nitrogen in each tube was corrected to 100 per-
cent recovery, thus distributing the error encountered in
the total analyses. The nitrogen content of each tube
was then caloulated as the fraoction of the total nitrogen.
Multiplication of this fraction by 13 then gave the equliva~
lente of nitrogen per tube., By summation of the egquiva-
lents of altrogen for the tubes concerned, the atons of

nitrogen in the various products of the hydrolysis were



Fig. 4
Distribution of l-Amino~2«Propanol.

(Theoretical curve calculated from
distrivution coefficlent.
Azperimental curve obtained by sube
traetion of ammonia nitrogen fronm
total Kjeldehl nitrogen.)



Percent of Total

40

32¢

30

20

\<Theoreticul

Exptl.

4 5
Tube Number




33

ascertained.,
5. Regults.

The mechaniesl sepasration of the various hydrolytie
gomponents fulfilled all expectations. The red acid frag-
ment, a visibly evident component, moved rapidly in the
gystem and was concentrated in the latter tubes of the
apparatus with a peak concentratlion in tube 39, The
spectrophotometric analyses, along with the total nitrogen
determinations, showed the benzimidezole fragment to be
confined near the center of the distribution with s maxi-
mun coneentration in tube 15, 4 considerable amount of
nitrogenous material, namely ammonia and l-amino-8-propancl
was retained in the early tubes, Thus three distinet sep-
srations were attained,

The total nitrogen recovery amounted to 97.3 per=-
cent of the amount taken., The total cobalt recovery
amounted to 97.4 percent of the amount bteken; nearly 8
percent of this was found in tubes 0, 1 and 2,

Apmonle nitrogen resulting from hydrolysis was cone

fined to tubes 0 through 5 and ampunted to 5.1%9 nitroge:

Frou the dlstribution coefflcient of l~amino=-=2-
propanol, it was ecaloulated that the l-amino~Z-propanol
would be distributed as far as tube 7, An arbitrery
allocation of l~amino=8-propancl nitrogen in tubes 0
through 6, obtained by subbracting the ammonis nitrogen
from the total nitrogen in the tubes involved, resulted
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absorption whieh coineides with the second 278 mu maxi-
mum. These two absorption curves, coupled with the nite
rogen dlstribution eurve, leave no doubt as to the location
of these two components.

The evidence presented above oclearly shows that
vitemin Byp, contains five nitrogen groups which yield
ammonia on hydrolysis with 1 N hydroehloric aeid at 100°
for 22 hours, 4s expected, two nltrogen stoms are acw

counted for by the one mole of the benzimidazole product.

Two nitrogen atoms fall in the place expected for l-

amino~2~propancl. The recent report of one nole of le
amino=2«propanocl, in cdontrast to the earlier figure of
two, leaves some uncertainty as to the true figure. The
faet that two nitrogens were found in the region expected
for l-amino-Z-propanol camnot settle the controversy, for
there is not an independent, unambiguous method for the
abgolute determination of l-amino-2«propancl in this
gystem. The best that oan be sald at this time is, that
if there are not two moles of l-amino-E~propancl, then
there is another small nitrogen-contalning compound pre-
sent with distribution characteristies similar to l-amino-
Z~propancl which has so far escaped detection.

The red scid fraguent bears four nitrogen atoms,

The ratlio of nitrogen to eobalt in tubes 24 through
40 following the dlstribution was not constant; this
ratio ran far higher in tubes 24 through 36, but becanme
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8,6 to 4.0 in tubes 37 through 40. The red fragment
obtained is thus not & single compound but a mixture of
a cobalt-~free and cobalt-bearing red msterial. The pres-
ence of signifieant amounts of cobalt in the tubes 0, 1
and 2, present as free, loniec cobalt, 1s in accord with
this.

a., Vitamin E&za was hydrolyzed in 1 I hydrochlorie
acid for 22 hours at l@@ﬁ, and the hydrolysis mixture dis-
tributed through 40 transfers by countercurrent distribu-
tion between 1 N hydrochlorie acid-igo~butanocl,

b. &nalysis of the individual tubes of the dis-
trivution apparatus showed that five nitrogen atoms were
present as ammonis, two nitrogen atoms as l-anlno-2w
propanol, or one nitrogen as l-amino-2-propancl and one
as an unknown compound with similsr distributlon chare
acteristies, two niltrogen atoms &8 benzimidezole, and
four nltrogen atoms as an unidentified, red, acid frag-
ment.

¢. About 8 percent of the gobalt was stripped from
the molecule during the hydrolysis.

8. The red acid fragment was shown to be not a
single specie, but shown to be a nmixture of cobalt-free

~and cobalt~bearing material,
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B, The Hate of Ammonis Production in the Asld
Hydrolysis of Vitanmin sz

It wes shown in the preceding section that vitamins
Byg and Bypy contain five nitrogen atoms which yleld
ammonla on acld hydrolysis. 1t seemed desirable to deter-
mine if a difference exists in the nature of thess niltro-
gen atoms., One possible means of deteoting such a 4if-
ference should be the rate of production of the smmonia.
The following experiment was devised with this in view.

An suxiliary experiment was performed on the rate
of hydrolysis of sodium cyanide as some guestion arises
as to the fate of the cyanlide of Blﬂ during hydrolysis.

2. &

perimental.

a. Hydrolysis procedure. & solution containing
116.8 mg. of Bys in 50 ml., of water was employed. Anal-
ysls showed the presence of 0.439 mg. of cobalt per each
4.00 ml, of this solution., Aliquots of 4.0 nl. were re-
fluxed in test bubes with 4.00 ml. of 2 W hydrochloric
acid under mioro Liebig condensers at 95° for given time
intervals. The solutions were placed in the water bath
with the bath already heated to 98°.

When the allotted time had elapsed, the tubes were
removed from the bath and immediately plunged into ice
water to guench the hydrolytle anction at the elevated

temperature. These tubes were then kept at ice bath
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tenperature untll analyzed.

A gontrol experiment to determnine the rate of pro=-
duction of ammonie from cyanide was carried out. A
freshly prepared agueous solution of sodium oyanide con-
tainlng 0.068 mg. per ml, was employed, Five ml, aliguots
of this solution were hydrolyzed for various lengths of
time in & manner identical with that described above.

b. Analysis for + 7The ecold hydrolysis

solutions were transferred rapidly for steam distilla-~
tion and quickly neutralized by the addition of 4 ml, of
1 N sodiunm hydroxide. 4 voluwe of 15 nl, of 0.05 ¥ phos~
phate buffer, pH 8,5, was added and the solution was dis~
tilled for 7 minutes into & 4 peroent boric acld solution
gontaining 2 drops of methyl red-methylene blue indicator.
3. BRosults.

The values obtained from the analysis are tabulated
in Table 5, Approximately three moles of ammonia were

obtained within the first 30 minutes of hydrolysis.

Zventually the total approaches six moleculss of ammonia,
5.62 moles actually found, but the release was slow, re-
gquiring up to 20 hours., The rate of ammonia production
is represented in Fig. 8.

Hydrcolysis of sodlium ecyanlde solutions under idene
tical conditions for the By, hydrolysis gave only a 36.5

percent comversion to

ammonia. & 30 minute hydrolysis of
sodium oyanide solutionsg faliled to yleld any titratable



59

Table 6
Rate of Ammonie Production on Bla‘ﬁyﬁralyaia

Time ml, of

Hours 0.0108 W HCL Mg. N HiCo
0.25 1.80 0.2658 2,59
U580 £.20 0.31E8 3.17
1.00 2,85 0.318Y 3.24
2,00 2.47 0.3510 3,56
4,00 3.08 0.4334 4.40
8,00 S.88 0.4661 4,72

20.00 8. 70 ‘ 0.5417 .62




Fig. &

Rate of Production of adrmmonlie During Aeid
Hydrolysis of Vitamin By,
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support of the belief that the failure to attain six
moles of ammonia on Blg hydrolysis is due to incomplete
hydrolysis of the oyanide of 3&3.

€, Carbon Dioxide and Hydrogen Cyanide

Liveration in the Hydrochloric Aecid
Hydrolysis of Vitamin Byp

Carbon dloxide might be expected to be produced

during the acid hydrolysis of Bla’ sither arising from

the oyanide, or as a result of oxidative degradation.
Iiberation of hydrogen eyanide during this hydrolysis has
been reported by others (10)., In the present work, the
guantities of these two substances llberasted on hydrolysis
of Byp with 1 N hydrochloric acid at 95° have been measured.

2. Zxperimentsal

Iinto a 200 ml., round bottom flask wasg sealed an in-
let tube designed to allow the introduction into the flask
of gas or of liquid ap desired. The flask was provided
with a water sooled condenser, the outlet of which was
connected in series to & trap containing silver nitrate,

a U-tube coutaining anhydrous nagnesium perchlorate, and

a Turner buld packed with Ascarite and anhydrous magnesium
. perohlorate. The Turner bulb was in turn connected to a
water aspirator so thet alr ocould be drawn through the
entire system. The incoming air wes passed first through

a tube contalining dsearite and then through & water bubbler.
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The reasction flask was immersed in an oilbath malntained
at a temperature of 94 to 97° by electrieal heating.

The viﬁamin Bl% wag first digsolved in a known volume
of water and asn aliquot of the solution taken for a speotro=-
photometrio determination of the B,, present {Eéggm_ = 207
at 361 m« ), The solution was then transferred to the re-
action vessel. 4 measured voluue of 0.1 N silver nitrate
was placed in the trap., &ir was drawn through the system
for 30 minutes and the Turner buld was then disconnected
and welghed. The Turner bulb was then replaced and suffi-
eient 6 W hydrochloric acid added to the reaction vessel
to make the resultant solution 1L N in acld. The mixture
was then heated and air drawn through the sgolution at a
rate of 2 bubbles per second,

At the end of the hydrolysis (20 to 25 hours) the
Turner buldb was again weighed, giving the amount of carbon
dioxide liberated, and the cyanide collected along with
the chloride in the silver nitrate trap was determined.
The lattor determination was effected by transferring the
contents of the trap to a flask, rinsing the flask thor-
oughly with ammonium hydroxide which dissolves both silver
¢hloride and silver cyanide. %o the ammoniaocal solution
was added a measured amount of a standard sodium eyanide
solution. Potassium lodlde was added and the solutlon
was then titrated with stendard silver nitrate to the
appearsnce of & silver iodide turbidity. From the total
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Table &

Release of Hydrogeu Cyanide and Production of Carboen
Dioxide on 4¢id Hydrolysis of Vitamin 312

Experiment A Experirent B

B,, taken® 1.0949 g. (0.811 milli-y 1.1478 g. (0.850 milli~y
moles} ‘ moles)

€0, found 0.40 0.52 0.70
{moles per {20 hours) {20 bours) {25 hours)

CN™ found 0.266 | 0.387 0.16 0.28

{moles per {16 nours) {20 hours) (20 hours) {85 hours)
mole of Bla}

0%

B4etermined speetrophotonetrically

hmaiseular welght taken as 13560
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the failure of the 20 hour experiment & to glve a value
of one for G0y + CN~, This i1s in line with the fact that
hydrolysis of sodium oyanide under similar conditions re-
sulted in only 36.5 percent conversion to smmonla.

The fact that the carbon dloxide production is only
a part of one mole, coupled with the fact that no ocarbon
&i&xiﬁa was produced on the hydrolysis of Ela&, strongly
suggests the carbon dioxide produced arises from partial

hydrolysis of the B, cyanlde and subsequent oxidation of

the formiec aoid yraziaaﬁ.

a, A fraction of the total cyanide of vitamin Byg
is evolved as hydrogen cyanide in the acid hydrolysis of
the vitamin.

b. less than one mole of carbon dloxide is produced
during the ecid hydrolyslis of vitamin Blgt

¢, 4 summation of the hydrogen cyenide evolved and
the carbon dloxide produced during the aocid hydrolysls of
vitanin ﬁlﬁ approaches one.

d. It was concluded that the carbon dioxide pro-
duced during Byp hydrolysis arises from yar%iél hyéram_
lysis of the cyanide of the vitamin.

D, The Red 4cid Fragment

The so-oslled "red scid fragment” of vitamin ﬁlg
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is produced by hydrochloric acid hydrolysis. The red
fragment is epproximately two~thirds of the original
molecule. It is the portion of the molecule which con=-
tributes the color and whiech carries the cobalt aton.

1t is a materisl of unusual stability for only compara-
tively drastic degradation methods cause any signiflcant
breakdown. It has not yet been obtalned in erystalline
form and is undoubtedly a mixture of a number of closely
related substances. Informstion about it has thus been
obtained from impure material,

Vitamin By, has no acidic properties (31) and the
aclid groups of the red, acid fragment are dus to carboxyl
groups produced by the hydrolysis of the acld amide groups
reported present in By by Ellingboe and Diehl (27). That
the acidie groups can be esterified was first reported by
Bllis, st al (14). Oxidation of the red fragment with
alkaline permanganate yielded & mixture of at least elght
acids, four of which were identified (13). Beyond this,
little has been reported about the nature and chemistry
of the red fragment. |

The material in this section deals with the preparation,
chemical and physical properties of the red acid fragment
and attempts to separate its components,

%, Hydrolysis procedure.
In all instances, except one, vitamin Bys was hydro-

lyzed with 1 N hydrochloric acid in a round bottom flask
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equipped with a reflux condenser, In the one exception,

6 N hy@rochloric soid was employed, The temperature was
naintained between 95°-106%, and the concentration of By,
was varied from 5 mg, to 10 mg. per ml, The time of hydro-
lysis was 20 to 25 hours.

3. Xlsolation methods.

a, FPreelpitation., 4 typical procedure consisted

of concentration of the hydrolysis solutlon by distilla-
tion under reduced pressure. During the concentration
water was added at intervals to prevent the acid con~
gentration from becoming too high. The solution was
eveporated to near=-dryness and the residus extracted with
acetone. The red nmaterial was readily soluble and some
white residue remained, The acetone extract was then
evaporated to dryness eliher under reduced pressure or
by air jet, and the residus again extracted with acetone,
It was sometimes negessary to add & trace of water to the
completely dry residus in order to effect solution of the
red materlal, This extraction further separated the red
materiasl from the ocolorless materisl. Occasionally some
brown, acetone~-insoluble material remained.

The extraction-evaporation process was repeated
agaln and the dry residue then dilssolved in either 0.1
B hydrochloric scid or 0.1 N godium hydroxide., Dissolu~
tion of the residue in the base was usually acocompanied

by the formetion of a white gelatinous materiml. Vhen
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product obtained was frequently rust to brown in color,
in eontrast to the products obtained by the first pro-
cedure.

b.

Countercurrent distrivution. Several attempts

to purify the red acld fragment were made by utilization
of the Cralg all-glass countercurrent distribution appa=-
roetus., Altbough the smaller known hydrolytle fraguents
sould be separated, no suecess was achieved in the iso-
lation of a pure, red, cobalt-conteining compound.
Butanone and isg~butyl alcohol were found to be most
effective in the separation of red materisl from the
smaller hydrolytic products (ammonium ion, the benzimi-
dazole moiety and l-amino-2-propanol}, but no pure, red
material was obtained even with 175 transfers. It was
apparent from visual inspesetion that the red material
consisted of a number of red-colored compounds (usually
at least three) but the distribution procedure failed to
isolate any one component.

In these distributlion experimente the agqueous layer
always conslsted of dilute hydrocblorie acid., It was
found that the colored material moved more repidly when
the hydroehloric acid concentration was inereased, The
distribution coefficient was less than one if the cone
eentration of hydrochloric acid was less than 0,01 N.
The detalils of an actual experiment for distribution of

hydrolytic fragments are presented in Experimental A,
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¢. Jlon-exchange., &n attempt to purify a hydrolysis
mixture of By, by lon-exchange was also made. Both anion
and ocation exchange resins, Amberlite IRA-45 and IRC-50
respectively, were employed. 4&lthough small scale experi~
ments indicated possibility af effeoting s separation of
the components of the red acid fragment on IRA~45, when
the provedure was employed with larger columns, the bew
havior was not the same., The mejor part of the red mater-
jal eould not be eluted from the columns., Various solvents,
iso~butyl aleochol, ethyl alcohol, acetone, benzene, and
phenol, failed to elute the material, 4Aqueous solutions
of sodium chloride, di~sodium phosphate, sodium hydroxide,
spmonlusm hydroxide, and hydrochloric acid were equally
ineffective. The red material which was so tenaciously
retained was finally freed from the resin only by heating
and vigorous stirring of a sodium chloride slurry of the
resin with igg-butanol.

a.

Chromatography. Various attempts to purify the

red acid fragment by adsorption and partition chromstogw
raphy were made, Magnesium oxide, caleium ecarbonate,
Hyflo Buper~Cel and alumina were used as adsorbents.
Water, aleohol, e¢hloroform, ethylene chloride and dilute
acld of varying concentrations were tried as solvents,
Ho isolation of & red compound which could be crystal-
lized was obtained.

In almost all casesg, it was found that all of the
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sllver salts were prepared, but no erystalline deriva~
tive was obtained, MNonovalent metal salts were very
soluble in water and precipitation was effected by the
addition of acetone or alechol to the agueous solution.
In one experiment, an attempt was made to obiain
erystalline zine and mercury salts by utilizing the
lelisegong phenomenon in silica gel. 4Although preecipi-
tation and banding occurred, no erystals were obtained.
An attempt was made to obtain a orystalline ammonium
salt by slow diffusion of ammonis into an acetone solu~
tion of the free amcid, Only amorphous precipitates
formed, Likewise, only eamorphous precipitates formed on
glow diffusion of acetone into an agueous solution of the
red acld fragment as the di-eyanide sodium and potassium
salts.
5. Zroperties of the red acid fragment.
6. Solubility., The red fragment as the free acid

is soluble in water, acetons and most alcohols. It is
ingoluble in all non-polar solvents., The material ob-
tained by lisgelectric precipitation is soluble only in
dilute aold or base, The methyl or butyl ester is quite
insoluble in water but soluble in many organic solvents
such as chloroform, ethylens c¢hloride, benzene and al-
eohol.

Analysis of 4 products

b. Anslytiecsl ©0mpos

is glven in Table 7.



Table 7

Elemental Analyses of Hed Acid Fragment®

Empirical Eplesular VWeight

¢ B N Co g Formula from Baged

‘ ; , , Formula on Co,

l 5«5 » ?‘& ﬁ » 3? ?9 ? »* 34-5 33 - %& nghﬁgﬁﬁg_‘ﬁsﬁ %813’3@ 83:5"%28 335

g 56 .%@ ﬁa% ﬁ 15{} ﬁ u&g 35 - ﬁg ﬁ%ﬁgﬁgﬁéglﬁgﬁ 9‘33 l@@&
5° 57.46 5.07 5.14 19.20  13.04

1-4 56,67 6.49 5.73 6.3l  24.87 CuuHg N,0,500 944 933

84nalyses performed by J. F. aAlieino.

Pyyarolysis in 6 N hydroechlorie acid, 20 hours.

14
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In view of the fact that i1t has been shown that
some cobalt may be stripped from the molecule during
hydrolysieg in 1 N hydrochlorie acid, the obvious con=-
elusion for the cobalt flgure obtalned for B in Table 7
is that this is badly contaninated with inorganie cobalt
freed from the molecule during hydrolysis in 6 N hydro~
chloric acid,

~e. BSpeotra.

(1) Ultreviolet and wisible., 4 typical
apﬁatrum of the red scid fragment obtained by 20 hour
hydrolysis at 100° in 1 N hydrochloric acid is shown in
Fig. 6. It shows mexima st 351, 405 and 495-500 mu,
and a-shoulder at about B20-525 m«. ¥Yor a given red
acld fragnent, there is no shift in position of the major
peak in the 850 mu region or the 405 mu region with majer
changes of ﬁH; but the position of the major pesk varies
somewhat in the different products prepared, and may vary
from 346 to 388 mu . For a given product, however, &
change in sbsorbance does cocur with changes in pH,
E%ﬁém’ determinations on a product which showed a mexi-
mum at 346 mu gave & value of 183 in phosphate buffer,
pH 7.4. On another product with a maximum at 351 mu« ,
ﬁ%ﬁgm. was 186 in phosphate buffer, pH 7.4, and in approx~
inmately Q.01 N agﬁium hydroxide. The seme yraﬁu@t in 0.01
N hydrochloriec acid gave an E%%gm. value of 194, The small
peak and shoulder at 500 m. and 525 mu shift slightly



Pig. &

Ultraviolet and Visible Spectrum of the
Red Acid Fragment

{(Phosphate buffer, pH 7.4)



57b

0.8

©
o

Absorbancy
)

o
>

0.2

0
200

300

\400 500
Wave Length (my)

600



58

toward shorter wavelengihs in aold solutions,

o absorption pesk is obtained in the reglon of 278
mu , the reglon ln which benzimidazole absorbs, Benzimi-
dezole must be absent in these prepsrations, If ﬁl& is
hydrolyzed for shorter periocds of time, the benzimldazole
is not hydrolyzed away ocompletely; for example, & product
from 6 hour hydrolysis shows the typleal 278 mu peak.

(11) JXnfrare .1 The infraved spectra of By gy
free red acid fragment and tke sodium salt of the oyanide
derivative of the red fragment are shown in Figs. 7, 8
and 9. Comparison with By, shows the following: (a) The
strong band at 6.0 in 3&3 whieh is attributed to amides 1s
removed; (b) The free acid shows double band absorption at
5,6u and 5.8« 3 {e) The sodium salt has no bands at 5.6 «
and 5.8, but has & strong band at 6.3 «,

d. Reaoctions.

(1) ,
readily with exeess bromine water in a sglightly acid

The red fragment reacts

environuent., Aun amorphous, red-brown precipitate is
produced, The material formed is insoluble in water and
it ia also insoluble in ehloroform and ether. 1t shows
congiderable solubility in aloohol and acetone.

In & typical experiment 5 mg. of a red acid frage

1$ll infrered spectra shown in this thesis were
obtained with the Baird Assoclates Infrared Spectro-
photometer. The spectra are tracings from the originals.



Fig. 7
Infrared Spectrun of Vitamin Byg

(Hujol mull; bands at 3.5, 6.9« and
7.3« are due to Nujol.)

Fig, 8
Infrared Spectrum of the Red Acid Fragment

(Bujol mull; bands at 5.4 ., 6.8 «and
7.3 ¢ are due to Hujol.)

Fig. 9
Infrared Spectrum of the Cyanide Derivative
of the Red scid Fragment

{(Nujol mull; bands at 3.4 «, 6.9~ and
7.3 qare due to Nujol.)
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ment was suspended in water, dissolved by addition of 2 ml,
of 0.1 N sodium hydroxide, and then made slightly scid with
0.1 N hydrochlorie aclid., 7Three ml, of & one-tenth satur-
ated bromnine water solution was added, The red color dis-
aeppeared instanteneocusly and the solubtion became eloudy.

& red-brown precipitate was obtained on centrifugation;

the supernatant solution wag pale yellow in coclor.

The speotrum of the supernatant was obbtalned immedi-
ately againgt & bromine water blank, This showed & small
hump in the region of 400 m«, and 8 broad hump at 470~
490 mew « No absorption pesk was present in any other
region.

The preeipitate obtained was divided into an scetone-~
gecluble fraetion and an acetone-insoluble-alkali-scluble
fraction. The spectra of these two fractlions is shown in
Filg. 10. It is interesting to note that the najor absorpe
tion peak in the 350 mu« reglon, which is usually ettridbuted
to cobalt eoordination, is completely missing, as well as
the abgorption peak in the B00-~B30 m« reglon.

in attempts to quantitatively brominate the red frag-
ment, difficulties similar to those reported earlier with
Byp and By, were encountered; the end point wes in excess
of the blank indiecating oxidation of lodide by sources
other than excess bromine.

{(1i) Resetion with cyenide. dJust as ﬁlﬁ reaets

with exeess gyanide in alkaline solution to form a purple



Fig. 10

Ultraviolet and Visible Spesctra of Hed
Aeid Fragment-Bromine FProducts

{www== Agstone insoluble~-alkall soluble

F38ugk, Teag, aealngt yeLels amtoee
acetons. )
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di-oyanide (32), the red acid fragment also forms an
intensely purple derivative., The spectrum of this mater-
ial dirffers very little from that of Byp di-ecyanide.

The absorption peak at 278 m« of the Bla eyanide,
purple compound is more pronounced than that of By,. This
has been interpreted as support for a theory that the ben-
zimidazole is coordinated with cobalt in Blﬂ itself, bus
in the presence of excess cyanide, the benzimldezole is
displaced from the cobalt atom and more intense absorption
results (85, 33).

The absorption spectrum of a ved acld fraguent is
shown in Fig., 6; that of its cyanide derivative is shown
in Fig, 11. The spectrum of the red acid fragment is
devoid of any suggestion of benzimidazole, but the cyanide
complex shows & very pronounced peak at 278 m «.

The cyanide compound i stable in elkaline solutions,
decomposing slowly at pH values below 7.

It is interssting to note that the speotrum changes
as acidified solutions stand, resulting in restoration of
the original red acid fragment absorption peaka at 350 me,
500 muand 830 m«, However, the peak in the region of
315 me« found in the oyanide compound, but not present in
the red acid fragment remains after thils reversion {(even
after 140 hours). Tﬁa most interesting point, however,
is that the peak at 278 m« remains, although not quite as
intense as the original.



Fig., 11

Ultraviolet and Visible Spectrum of the
Uyanide Derivative of the Red Aeid Fragment

{~=m-=wephosphate buffer, about pH 6,
resd imsediately after formation.

* game solubtion read 60 hours
later.) ‘



66

400 500

Wave Length (my)

300

200

0.5

0.4

(2]
o
Kouoquosqy

0.2

‘0.1

600



67

it sppears from these studies that cysnide, as well
as benzimidazole, may contribute to the sbsorption in the
278 my and 318 npu regions and that the 1/8 hour speetrum
of Fig, 11 represente & di-cyanide derivative, whereas the
60 hour spectrum represents & mono-cyanide derivative,

{1i1) Hesetion with acetie snhydride, When
Byp is hydrolyzed with acld, the skeletal portion of the
molecule that remains is known to be acidic as a result
of the hydrolysis of the amide groups present. The infra-
red spectrum of this red acid fragment shows double band
absorption at 5.6« and 5.8 «, whieh is suggestive of anhy-
drides and lactones, It was felt that it would be inter~
esting to see what would happen to the infrared spectrum
if a deliverate attempt was made to prepare an anhydride
of the molecule.

Approximately 120 mg. of red acid fraguent wag dis-
solved in 2,0 ml. of acetic anhydride and heated to 150°
under reflux for 45 minutes, The color of the solution
became very dark at the elevated temperature, but on
eooling to room temperature, the soclution was a dark red-
purple solor. Some amorphous precipitate settled out on
eooling. This prescipitate was extracted with two 1 ml,
portions of acetlic anhydride. Some inscluble, colored
material remained.

To the combined agetic anﬁyﬁri&a solutions, 40 ml.
of dry ether was added. This resulted in the prescipitation
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of some redw-purple, amorphous meterial which was removed
by centrifugation and washed well with ether. To the re-
maining ether solution an additional 40 ml, of sther was
added; further precipitation resulted. This precipitate
wes removed and washed well with ether. The infrared
spsotrum of this product, Fig. 12, differed from the
original red fragment speotrum (Fig. 8), only in the in-
tensity of the band at 5.8 «.

This change, however, suggested that some alteration
had ocourred, so the ether-precipitated material was re-
turned to the reaction flesk and heated at 130° under
refiux with 6 ml., of acetic anhydride for 22 hours. 7The
acetic anhydride wzs then removed by distillation under
reduced pregsure to near-dryness., The product was then
dried 24 hours over potassium hydroxide pellets in a
vaouun desiceator. The residue was then washed with ether
and egain dried 24 hours. The infrared speotrum of & Nujol
mull of thisg product showed a flat broed band hetween §.6.«
and 5.8« (Fig, 18)., The material exhibited some solubility
in ethylene ohloride, so the gspeotrum in this solvent was
obtained (Fig. 14}. The broad band of the mull was re-
golved into two good bande at B.6«and 5,7.<«, Thus thisa
treatment resulted in a shift of the 5,8 band of the red
acid fragment to 5.7« , the 5.6 band remaining identical
with the original. It is apparent that anhydride forma~
tion 4id oocur.



Fig. 12

Infrared Speoctrum of Red Acid Fraguent-
Agetlo snhydride Heaotlon Product

{Reaction time, 45 minutes. Nujol mull;
bands at 8.4, 6.9« and 7.3« are due to
Nujol,)

Fig., 18

Infrared Speotiun of Hed Acld Fragmente
Acetlie anhydride Reaction Product

{Reagtion time, 22 hours. HNujol mull;
bands at S.4 4, 6.9 «and 7.3 4 6re due to
Najol.)

Infrared Spectrum of Red Acld Fragmentw
Agetle Anhydiride Reaetlion Produet

(Resetion time, 22 hours, IEthylene
ghloride solvent; bands at 3.5 4, 6.8«
and 7.3« are dus to the aﬁlvent.s
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(iv) Reaction of By, with ascetic anhydride,
it was reasoned that anhydride or cyoclic imide formation

would result from treatment of Byg with acetic anhydride
by reaction with the amide groups of Blz‘ An earlier
expsriment with this objective in view was carried out
using phosphorus pentoxide, but the method proved unsetis-
faotory.

Vitemin ﬁla apmounting to 38,0 mg., was heated under
reflux with 10.0 ml, of acetio anhydride at 120° to 145°
for 4 1/2 hours. The reasction mixture beceme dark purple
and then dark brown at the elevated temperature, but on
cooling returned to a dark purple color.

The reaction mixture was evaporated to near-dryness
under reduced pressure and the residue washed well with
ether, The dry residue was partially dissolved in ethylene
shloride and the infrared spectrum obtained (Fig. 18).

The vend that By, has at 6,0« was completely removed
but the band at 6.3« remaing. 4 double band was produced
at 5.70.« and 5.9.«, similar to the doudble band present in

both the free red acid fragent and in the resction pro-

duct of the red acid fregment and acetie anhydride., How~
ever, the relative intensities of these two bands is re-
versed, for the 5,70 «band is considerably stronger in
thig Instence, It 1s not possible to decide whether the
bands are due to a oyolie imide or an anhydride,

The ultraviolst and visible spectra of the reaction



Pig., 15
Infrared Spectrum of Vitamin By,

(Nujol muall; bands at 3.6 «, 6.9« and
7.3« are due to Nujol.,)

Fig. 18

Infrared Spectrum of B, -isetic
Aunnydride Reaotion FYroduoct

{Beaoction time, 4.5 hours. Bthylene
chloride solvent; bands at 3.5« , 6.8«
and 7.5« are due to the ﬁmlwant.i
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product was obtained in agueous acetic acid, 5 hours

after dissolution (Fig. 17), and in ethylene chloride

(Fig. 18). The spectrum in aqueous acetic acid showed

a maximum at 350 to B82 m« , but not as pronounced as in
the red acid fragment or in Byp. Two small maxima occurred
at 475 nu and 500 muv .,

The spesetrum of the reaction producet in ethylene
chloride showed only an inflection in the 350 m« region
and & small peak at 385 m« . There was also a peak at
475 mu and a shoulder arcund 500 me« . This spectrum ls
markedly different from both By, and the red acid fragment.
- 6. Summary.

&, The method for the hydrolysis af‘ﬁlg to produce
the red acid fragment was described.

b. Attempts to purify the red acid fra@mant by
precipitetion, counterocurrent distribvution, lon-exchange
and ohromatography were presented. No isolation of a
pure compound eapable of aryﬁtal&ixaﬁian was attained,

t. &Attempts to prepare o¢rystalline metel salts of
the red ascld fragment failed.,

4. The physical properties of the red acid frag-
ment were enumerated,

e, The red acid fragment reacts with bromine to
product a product with a nmarkedly different spectrum from
that of the red sold fragment.

f. ©BSpeotrophotometric studies of the red ameid frag-



Fig. 17
Ultraviolet and Visible Spectrum of Bxﬁmﬁaatie
Anhydride Reasetion Produet *°

{Agqueous acetic aoid solution, read 5
hours after dissolution against water
blank, ===« golution diluted to
obtain ultraviolst spectrum.)
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went cyanids derivative were desorived. Absorption at
278 naof thig compound suggests that cyanlde contributes
in this region.

g&. The iﬁfrér&ﬁ spectrun of the reaction product
of the red seld fragmeut and scetic snhydride indieates
that an enhydride wes produced,

he. The infrared spectrum of the reasction product
of Byg and acetic anhydride shows absorption bands which

might be interpreted asg anhyiride or oyelio inmide,
&, BHeaoction of Vitemin ﬁl& with Sodium Hypoehlorite

.

Vitemin By, has been shown to contain primary amide
groups (27), The molesule would therefore be expected
to undergo the Hofmann haloemide reaction. With this in
mind, an experiment was devised to attempt the preparation
of the expected primary amine. Inecidental to the primary
purpose, the production of ammonia whieh eould be ex-
pected if a substituted ures structure is present, was
determined, 4n attempt to deternmine carbon dioxide
evolution went awry.
2. Experimental.

6. Apparatus. A 100 ml. round bobttom flask, with a
ground glass joint, was fitted with a refluz condenser and a
gas inlet tube sealed in the eide lesding to near the bottom

of the flask., Carbon dioxide~free nitrogen was pre-
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pared by passing eylinder nitrogen successively through
a solution of sodium hydroxide, and a U-~tube containing
magneaium perehlorate. 4 delivery tube from the top of

the condenser led elither to an absorption bulb charged

with sulfurie aeid, or to an absorpilon train consisting
of a U-tube packed with magnesium perchlorate followed by
a Turner bulb containing Ascerite.

b. Hethod. The system was swept with nitrogen for
80 minutes and a slow stream of nitrogen was maintained
throughout the ecourse of the experiment.

An agqueous Byg solution conteining 57.0 mg. of Byp
was made up in carbon dioxide~free water and introduced
into the reaction flask by means of pipets previously
flushed with nitrogen. The flask was cooled in an ice
bath and 1.0 ml. of 0,880 W sodium hypoehlorite, 6.1
squivalents, was added, This was followed by 2.0 ml. of
40 percent sodium hydroxide, The final hydroxide con~
eontration was about 1,8 N, The absorption flask was
charged with 10 ml, of 1 ¥ sulfurie acid,.

The resotion mixture was allowed to stand at imk
bath tempersture for 30 minutes, It was then warmed to
room ﬁam@arﬁﬁura for 1 hour. At the end of this time, the
original. acid trap was replesced by a second, identical trap
and the solution warmed at 78° for 1.5 hours. The Asecarite
train was then pud in place of the aeld trep and the systenm
swept with nitrogen for 30 minutes. The Turner buld was
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removed, weighed and repleced, and the solution ascidified
with %,0 ml. of concentrated hydrochlorice meid., The final
acld concentration was about 1.1 N,

The aeld traps were subsequently anelyzed for armonia
by Nesslerization, and the Turner bulb wes weighed to deter-
mine the awmount of carbon dioxide produced.

¢, Charsecterization of the resetion mixture. The

alkaline reaoction mixtu#a felled to yleld any colored mater-
ial extraoctible by ether, butanol or ethylene chloride,

Bvaporation of & 1 ml. portion of the alkaline re-
action mixture tov near-dryness resulted in sclution of
gonsiderable colored material on addition of aloohol, but
only on the first addition. Bolubility probably requires
about 70-80 percent ethanol. This material gave appreci-
able brown-red amorphous prec¢ipitsete and minute amounts
of apperently erystalline material of undetermined eolor
on treatment with slgoholie pierie acid, The preoipitate
was soluble in agueoug aloohol and apparently a picrate,
Attenmpts to isolate & erystalline compound falled,

The addition of potassium c¢yanlde to the alkaline
reaction mixture resuited in the intense purple eolor
typical of all Byg and cobalt-containing red acld frag-
ments,

Aoldificatlion of the alkaline solution caused no
noticeable color change. Some color could be extracted

by butenol lmmediately, following scidiflication, and on
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long standing ln contact with butanol, the majority of
the oolor moved into the organie layer.

An aeld solution of the reaction mixture was in-
soluble in ethylene chloride, but the additlon of ethanol
resulted in o homogeneous red solution and salt precipi-
tation., The dry material obtained on evaporation was
readily soluble in absolute aleohol,

5, Hesults and observetions.

The carbon dioxide dstermination falled because
hydrochloric acld fumes were swept over when the solution
was acidifled,

Ho ammonla was found by Nesslerization of the acid

traps.

The resction mixture slowly became deeper red in -
golor at lce bath tenmperature, and on allowing to warm to
room temperature, it becaume dark red-violet in color., The
golor did not apparently intensify on heating at 78°,

A white, gelatinous, water and aleohol-insoluble
material settled from the original reasction mixture, prob-
ably a benzimidazole moiety cleaved under the alkeline
conditions,
Discussion

Some anmine formation probably did otcur, as evidenced
by the formation of an inscoluble plerate. However, the
lack of solubility in ether and olbher organiec solvents

from alkaline solution, plus the solubility of red mater-
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oxide or mercuric acetate ig used as the reagent, For
exsmple, mereuric oxlde reacts with acetamide to glve
meroury acetamide (34), CHy-CO-NH-Hg-NH-CO-CHy. However,
%na'raaﬁtian of mercurilc acetate with acetanide ylelds
agcetoxymerouri acetamide, ﬂﬁ3~ﬂﬂéﬁﬁéﬁg;ﬁﬁgmﬁﬁg, even though
two moles of acetamide are employed (35), Sucoinamide re-
actts with mercuric oxide to give mercury succinemide (56-37),
(CH,~C0-NH) oHg, Urea reacts with mercuric acetate to form
mercury carbemide, CO(NH) Hg, or di-acetoxymercuri carb-
amide, (CHy-CO,~Hg-NE),C0, depending on whether one or
two moleculay prmgmxtiana of urea are employed (38).

Being an emide, By, might be expected to yleld a
mercury derivative, although admittedly the derivative
might well be rather complex inssmuch ag five amide groups

are present.

; rourie o3 Thirteen ng. of
Byp and one mg., of mercuric oxide in about 4 nl, of water
was warmed over a free flame, 4 red amorphous precipitate
formed in the hot solution within ten minutes and further
heating 41d not inorease the amount of preeipitate. The
gupernatent solutlon was still somewhat red in color and
a small amount of unreacted mereuric oxlde was vigible,
The precipitate dissolved readily on werming with s small
amount of potsssium hydroxide.

In & second experiment, 8 mg. of B&a and a large
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excess of mereurice oxide was heated over a free flame in
about 10 ml. of water. The solution was concentrated by
heating to a final volume of about 3 ml. On cooling an
amorphous red precipitate settled out along with unreacted
merouric oxide. The precipitate was extracted with about
8 ml. of hot water and flltered while hot to remove unre-
agcted merouric oxide, When the solution ocooled, an amor-
phous red precipitate settled out along with s small amount
of mercuric oxide, whieh has appreciable solubility in hot
water. %he supermatent solution was somewhat ¢olored, and
on repeating the hot walter extraetlion severasl times, a
point was reached where no red precipltate formed on ¢oole

ing, but & white solid appeared, presumably mercuric hydroxide.

Beuetion with mercuric agebete. Fifty mg. of
Bia was dissolved in 20 ml, of 95 pereent aleohol, Fifteen
ml., of an aleoholi¢ solubion conteining 36.0 mg. of mer=
curic acetate and 3 drops of glacisel scetic acid wes sdded
to the Byp solution with stirring. The mixture was allowed
%o stand 5 hours and no precipitation occurred. On the
gddition of 1 drop of 1 W sodium hydroxide, howsver,
immediate, floecculent, amorphous precipitation occurred
and very little color rensined in the supernatant liguid.
The precipitate was removed by gentrifugation and washed
well with portions of aleohol.

On repeated extrasetion of a portion of the precipi-

tate with hot water, the material behaved in & manner
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similar to the product from the reaction of mercurle oxide
with Blﬁg thet is, color to the solution and the appear-
ance of a grey-white precipitate.

The red preeipitate dissolved quite resdily in dllute
sulfuric acid, presunably with decomposition, for mercury
was readily extracted from the solutiou by dithizone. The
speotrum of & sulfurie aecid solution is shown in Fig. 19,
The material dissolved only very reluctantly over a 1ang‘
period of time in dilute sodium hydroxide. The infra-
red spectrum of the dry material as a Nujol mull is shown
in Fig. 21.
| ¢,

snalysis for gobalt sand mercury. Mercury deterw-

minations were performed colorimetrically by sxtraction
of a 1 N sulfuric acid solution of the compound with di-
thizone in ehloroform (50}, Cobalt determinations were
nade on a nitrie acid-peroehloric acid digest of a sample
of the compound by the nitroso-H salt method (30}.

. Results and Discussion.

B, 5 reacts with both mercuric oxide and merouric
a@aﬁ&tﬁ. The mere fact that resction does coocur may be
construed as a confirmation of the presence of primary
amide groups, although i1t ls recognized that many other
types of compounds are capable of reacting with mercuric
jon. No analyses were performed on the product obtained
frou reaction with mercuric oxide because of the diffi-

culty in obtaining s produet free of extraneous mercury.
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Mercury to eobalt ratios obtained by anslyses of the pro~
duoct obtained by resction with mercuric acetate gave values
of 2,65, 2,70, 2.76, £.82, 2,82 and 3.17 or an average of
2.82,

With © amide groups present, it might be expected
that a value of 2£.50 would be obtained by formation of 2
intramoleculer derivatives with the fifth amide group of
two moleoculss of ﬁlﬁ involved in an intermolecular linkage,

Another possibllity is that the acetoxymercurl
derivative &f three amide groups is formed. It should be
recalled that the rate of production of smmonia on hydro-
lysls showed that three of the amide groups are much more
susceptible to hydrolysis than the remaining two. Thus,
it might be sxpected that these three groups would be
more reactive toward other chemleal sttaek than the re-
maining two. Unfortunately, it is not possible at this
time to positively say whioch, if either, of the above two
possibilities is the actual case, beoause of the slize and
complexity of the moleocule.

All attempts to obtein a crystslline mercury derive
ative failed. The best approach to crystallization ine
volved slow diffusion of trimethylemine into an agueous
or aleoholie solution of the product in the presence of a
small amount of acetic seid, As the pH inereased, pre-
eipitation ooourred, but the precipitate was always amore-

phous.



Fig., 19

Ultraviolet and Visivle Spectrum of
derourated Vitamin By,

{mwm=e Solution in 1 N sulfuriec
acld read immediately.

weee S0lution in 1 N sulfurie
acid read 24 hours after dise
golution.)
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Fig. 80
Infrared Spectrum of Vitamin By,

{Nujol mull; bands at 8.5+ , 6.9« and
7.5« are due to Nujol.)

Fig. 21
Infrared Spectrum of Mercurated Vitamin Bl&

{Nujol mull; bends at 3.5 4, 6.9« and
7.3 4 are due to Nujol,)
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The absorption spectrum of a solution obtained by
hot water extraction of the reaction produect of nmercurio
oxide and 313 showed absorption pesks and absorbancies
gimilar to those of ﬂiaa' 1t is probably that the treat-
ment with hot water caused hydrolysis of the mereury com~
pound to produce mercurie hydroxide and Byp,. The excess
mereurie oxide apparently removed the cyanide groups dur-
ing the formation of the mercury derivative,

The spoetrum of an agueous solution of the product
from mercurie acetste and Elz’ prepared with hot water,
could not be distinguished from that of Bjp. In this
case, the cyanide ig probably still present for the con-
ditions of reaction were much milder than in formation of
the mercuric oxide produet. Furthermore, the spectrum of
the product in 1 N sulfuric secid immediately and 24 hours
after dissolution (Fig. 19} shows a progressive shift
toward the Bygp, spectrum. This is expected as a result
of displecement of oyanide in aeild solution. 1In any
event, it is evident thet a solution of the materiasl in
either water or acid shows little change in spectrum from
that of Bygy or By,., and it is concluded that the com-
pound in solution dissceistes to yield the original starte-
ing meterial., There is good evidenoce for this assumption,
for bio~assay of the materisl shows activity approximately
80 percent that of Byg.

Finally, examination of Fig. 21 reveals that the
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mereuric acetate product still contains cyanide {(band
at 4.7.4), but the strong band at 6.0uin B;,, which we
have interpreted as an amide band, has been nearly come-
pletely obliterated. Thus, it seems certain that re-
agtion has occurred with the amlde groups.
4. Bummary.

&, Both mercurle oxide and mercurie acetate Iesct
with vitemin Byp, presumably with the amide groups of ﬁle'

b, The reaction product of By, with merouric oxide
and mercuric acetate is probably not the same.

¢, Infrared, ultraviolet and visible aspectra were
obtained for the merouric acetate resction product.

d., HNo orystals of either the mercuric oxide or
merouric acetate product were obtained.

G, Catslytie Behavior of ?itamin\llga in the
Oxidation of Iodlide by Alr

In the c¢ourse of attempts to measure guantitatively
the uptake of bromine by vitamins Blz and Elaa’ it was
discovered that vitemin Bl&a ig & very active catalyst f@f
the air oxidation of iodide to free iodine, and that to a
much lesser extent, Byp is’alsa active, The method em-
pl@p@d‘in the bromination experiments involved the additlion
of an excess standerd dbromide~bromate reagent to an acid
solution of the vitamin. The excess of bromine was deter-

mined subsequently by addition of iodide and titretion of
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the free iodine produced with thiosulfate. However, be-
cause of the catalytiec effect of the vitemins in the oxida~
tion of iodide, the presence of even trace amounts of dis=-
solved oxygen caused drifting at the end point and the
amount of iodins produced by only the excess bromine was
thus seriously in error. In the bromination of wpma‘ the
results were extremely erratic and unreasonably high.

Bromination experiments using By, which was much
less active in catelysis, indicated a value in the neigh=
borhood of 4 to 5 bromine atoms consumed per wmole of mwm.
The uncertainty of the absgolute value does not even pere
nit speculation as to how the bromine was consumed, how-
ever. With the technigue developed in this seotion for
the study of the oatalybic effeot on the alr oxidation of
jodide, it should be posmsible at some future time to get
reliable results in the bromination of B,, and wwww.

The velocity of the wwmw catalysis of iodide oxida-
tlion and the turnover number of wwma in this reaction
have been measured at various concentrations of wwms.
iodide and sulfuric acid, Beecause it seemed possible
that this catalytic effect is exerted through the union
of By, (in whieh the cobalt atom is bivalent) with moleo-
ular oxygen, several eéxperiments were conducted to deter-
nine if wwma is a binuclear compound in which the cobalt
atons of two nolecules of the vitamin are linked through

a Peroxo group.
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2., Experimental.

a, Heagents. Vitamin ﬁlﬂa was prepared by the
hydrogenation of erystelline vitamin alﬁ* and trestment
of the Byg, so obtained with air (8). The concentration
of solutions of this product was determined speetrophoto-
metrically using a Beckman DU instrument and the value
Eiﬁém. = 150 at 352.5 mu {(phosphate buffer, pH 7.4).

nyg»ﬁwfr@a nitrogen was obtalned by passing tank
nitrogen through a train of vanedous sulfate (28).

b. Heaction of Byp, with lodide. By,,, potassium
iodide and sulfurie acid were brought together in the com=
plete abéana& of oxygen. Any iodine liberated was titrated
with thiosulfate.

ihe reaotion vessel used consisted of a wide-mouth,
conical flask with two smeller necks., The large opening
was ¢losed by a Tour-hole rubber stopper through which
were passed (a) a buret tip, (b) dropping funnel, (¢) a
gas inlet tube bearing a fritted glass dispersion eylinder
at its lower end, and (d) a gas ocutlet tube leading to a
water trap outside the flask. Platinum and saturated
calomel electrodes were introduced through the smaller
pide arms.

The solution of potassium iodide was placed in the
flegk and, with magnetic stirring, was deserated by the
passage of a slow strean of oxygen~free nitrogen through

the solution for two hours. ~Concurrently, dilute sulfurie
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acid, placed in the dropping funnel, wag demerated by
bubbliing through it a slow gtream of oxygen-free nitrogen,
The sodium thiosulfate solution, stored in a lachlett
buret, had previcusly been freed of dissolved oxygen in
a sinilar menner. Immediately preceding the resetion,
erystalline El&a was dissolved in carefully deserated
water. 4Aliguots of this were lubroduced intc the re~
action vessel using a pipet previocusly flushed with ni-
trogen. OQbther allquots were taken for a spectrophotow
metric measurenent of the 313& content. Bulfuriec acid
was then added to the reactlon mixture. After an intere
val of geveral hours any lodine libterated was titrated
potentiometrically with thicsulfate., The thiosulfate
gsolution {approximetely 0.00) N) was standardized poten=
tiometrically by the titration of aliquots of a standard
potassiun iodate solution treated with potassium lodide
and hydroehloric aeid., The potessium lodate solution was
prepared by welght from primary standard material,

& typloal reasctlion mixture contained 0.0135 g. of
El@a’ 10,00 g. of potassium iodide and 10.0 ml, of 4.0
K sulfuric scid, all in a total volume of 235 ml,

it was necessery to take rigid precautions to ex-
e¢lude oxygen; in particular, the nitrogen was bubbled
through the vanadous sulfete traln very slowly and all
rubbver tubing wes eliminated from ths gas train,

No iodine was liberated under these conditions. It
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wag found, however, that the addition of thiosulfate to
the completely deaerated reaction mizture resulted in a
8low disappearance of the typleal orange-red color of
Elaa and the formation of & ysllow-brown color similarx
to that éf Bypy obtained by hydrogenation, The Byp,

color was readlly restored on the introduction of air

and the formation of free lodine rapidly followed.

solution of potassium ilodide, containing also the starch
indicetor, was placed in a 500 ml, wide-mouth coniesl
flagk equipped with a three-bole rubber stopper through
which passed a gas inlet tube, buret tip and outlet tube.
The solution was stirred vigorously magnetically. The
gas inlet tube ended in & fritted glass dispersion oyl-
inder. The solution was demerated for Z0 minutes with
oxygen~free nitrogen. Oxygen~-free sulfuric acid was
then pipetted into the flask through the outlet tube,

The Bygy solution was then added. The flow of nitrogen
was stopped, a stream of alr was started through the

- 8olution, and zero time was taken. The air was delivered
under oconstant pressure, atmosgpheriec pressure plus 5 om.
of meroury, obtained by the usual T~tube pressure regu-
lator. After 5.0 minutes, the air stream was replaced
abruptly by a stream of nitrogen. This was continued
5.0 minutes., The free lodine was then titrated with
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standard thlosulfete, the latter belng stored under
oxygen-free nitrogen in a Machlett buret and delivered
to the resction vessel without exposure to air. 4 small
stream of nitrogen was continued during the titration.

The total volume in each reaction was 320 ml. In
the course of the gtudy, the guantities of Elﬁa’ potassium
iodide and sulfuric acld were varied ss described below,
Ten ml, of a 1 percent solution of starch was added in
each case. The sodium thiosulfete solution (0,0085 N)
was standardized by titrating sliquots of a standard
solution of pobtassgium lodate treated with potassium
iodide and hydrochlorie acld; this thiosulfate solution
remalned constant in sonceatration for over a month. A
1 percent solution of starch served es indieator.

The experiments were all run at room temperature,
279 £ 2%, No closer attention was paid to temperature
insspuch a8 a larger source of error ig inherent in the
method; see below under results. In several experiments
the gases leaving the resection vessel were bubblesd through
a solution of potassium lodide; no lodine was collected
in this trap in any of the runs,

(1) Yaristion of B .

reaction mixture the solution contained 10,00 ml. of 4,357
K sulfuric acid {(final coneentration: 0.136 N), 10.00 g.
of potassium iodide and 10.0 ml, of 1 percent stareh, The

goncentration. In each

amount of Byop (aligquots of solutions standerdized spectro-
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photometrically) varied from 11 u4g. to 448 «g. The
total volume of the agiﬁtion was 580 ml. The results of
this series of experiments are shown in Fig. 23,

(11) Yarietion of potassium iodide concentra-

Eion. In eaeh reaction mixture was placed 79.0 «g. of
Byggs 10.00 ml. of 4.357 N sulfuric acid and 10.0 ml. of
1 percent stareh. The amount of potassium ilodide was
varied from 2,0 to 35.0 g. The results are shown in Fig.
23.

(111) ‘
in each reaction mixture was placed 122 «g. of Blaa' 10,00

g. of potassium iodide and 10.0 ml., of 1 percent starch.
The conecentration of sulfurie acid in the final solution
was varied from 0.0136 N to 0.272 N, The results are
shown in Fig. 24.

(iv) ZEffegt of aging the B,,  solution.
Crystelline Byp, was dissolved in water and aliquots of
the solution taken at intervals for spectrophotometrie
measurement and for & determination of its catalytie
effect. The spestrophotometric measurements were made
on a solution buffered at pH 7.4 with 0.2 ¥ phosphate.
The conditions for catalysis deterninations were held
constand: B20 ml. total voluuwe, 10,0 ml, of 4.357 N sule
furie seid, 10.0 g. of potassium iodide, 10 ml. of 1 per-
cent starch, 5.0 minutes aseration and & ninutes sweeping

with nitrogen.
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Catalytic Oxidation of Iodide by Alr as a
Funotion of the Amount of Byg, Present
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Fig. 23

Catalytic Oxidation of lodide by Air as a
Funetion of Potassium lodide Concentration
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d. Byp as catalyst, Using the same econditions
given above in (i), B,, was substituted for Byg,. Only
very small amounts of lodine were liberated. 4&n appreci-
able amount of lodine wses libverated when a beam of light

fronm a oarbon are was directed into the flask,

e. Heduatd ; :
Bizype. 4n excess of standard sodium thiosulfate was added
to an oxygen-free solution of 2.62 mg. of Elaa and 10 nl,
of 4,0 N sulfuric acid. On ataﬁdmg, the solution changed
in eolor from orange-red to yellow-brown. &after 3 hours
the solution was titrated potentiometrically with 1adin¢*
The lodine reguired was egual to that regquired for the
titration of the thiosulfate alone. The reduction of
Elﬁa by thiosulfate is reversible in agreement with the
cbservetion reported in section b {last paragreph) avove,
Thiosulfate is & strongsr reducing ageut then ﬁlgr«and
both are oxidized by the lodine, |

A solution sf'ﬁxgw,ﬁaa prepared by the catalytie
hydrogenation of By, using the apparatus of Diehl and
Burie (38)., 4n aliquot of this solution containing 4.34
BE. af'ﬁlg, was transferred to an oxygen~free solution
containing 10 ml, of 4.0 N sulfuriec aeid in 200 ml. of
water. The Eiﬁw wag then titrated potentiometrically
with standard iodine., & pmooth titration curve wes ob-
tained, one equivalent of oxidizing agent per mole of
Bypp being required., The potential at the mid-point of
the titration was +0,856 volts on the hydrogen sesle. This
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factory; that is, the displacement of oxygen from the
golutlion by a stream of nitrogen does not stop the rﬁw
action sharply. Auxiliary experiments showed that the
reaction conbtinues approximately three ninutes after the
air strean was replaced by nitrogen. The time intervals
and rates of gas flow and stirring were held oconstant in
all of the runsg, however. ,

As seen from Figs, 23 and 24, velocity and turnover
number increase with inereasing concentration of potassium
iodide and with inereasing concentration of seld. In a
neutral solution, pH 7, phosphate buffer, no oxidation of
lodide ocours at all.

Date showing the change in the position of the
absorption peak and in absorbaney, together with turne
over numbers as & funection of time, are shown in Table
8, The differences in turnover number are of the order
of accuracy of the experimsntal work snd indicate that no
apprecisble variation in catalytic power of Blaa ooours
on aging.

4., Disoussion.
a., YVitemin Byo  as an oxygen

carrying cobalt compounds have been desgeribed, notably
the derivatives of disalicylalethylenediimine (39), of

a cobaltous chloride-smmonla-ammonium ehloride mixture
(40}, and the cobaltous derivatives of histidine (41}.
That By,,, which results from the action of oxygen on
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Table 8

Variation in Absorption Maximum, Absorbancy and
Turnover Humber of Byg. Solution on Standing?

Time Abasorpbtlon Maximum Turnover Humber

hours mu Abgorbaney Bquiv. I° per nmin,
por mole of Em&

0.5 35758 0.374 3.5
2.5 356-56 .362 64.8
5.2 356-57 356 64.2
7.2 35558 553 65.4
11.2 BE4~56 354 48,1
15.5 35455 556 62.8
19,3 B54-55 354 67.2
25,6 BEG-55 357 60.4
31,0 B55-58 857 70.8
86,0 B5B-55 .360 63.4
48.0  355-54 566 64,2

7% .0 353 .B68

Sphosphate buffer, pH 7.4.
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the bivalent cobalt compound By, might be a reversible,
oxygen-carrier is not inconeeivable., As sueh, it should
contain molecular oxygen in the form of a peroxo group
linking together two cobalt atoms. Suoh peroxo groups re-
act with lodide to form free iodine. The failure of Byg,
to liberate iodine, as shown experimentally sbove, leads
us to believe that Eiﬂa does not possess a peroxo linkage.
Beveral other obsgervations which bear on this subject are
worth recording.

The diamagnetic character of Eﬁg& ecan be interpreted
elther as trivalent cobalt or as oxygenated bilvalent cobalt
{42). The passage of oxygen-free nitrogen through a soluw-
tion of Byg, at room bemperature does not effect a change
in the abeorption spectrum of Elaav either in the visible
or the ultra violet, as might be expected if oxygen were
ﬁeiﬁ@ removed and brown Byp, reforming. Moreover, the
characteristics of the polarograph wave of Byp, are not
ohanged on the addition or removal of oxygen from the
solution.

A peroxo group present in Bl&n would be expected to
pass to molecular oxygen on the conversion of Byg, to
Byp by treatment with eyanide. No evolution of gag oococurs
during this conversion, however, providing further support
for the absence of a peroxo group.

The molecular weight of vitamin By,, has not been

deternined. Direct methods for ite measurement invelving
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agueous solutions are unlikely to succeed owing to the
changes Byo, undergoes when dissolved in aqueous media,
Indirect evidence from measurements of the diffusion ocon~
stants (48) leads to a value twice as great as for By,,
although the value obtained %awzwww is seriously in error
(650 instead of 1350}, probably beceuse of departures from
the conditions assumed in applying the SBtokes-EBinstein
equation.

Crystalline wwwﬁ dissolved in water undergoes &
change whiech is approximately B0 perecent somplete at the
end of the first day and neariy complete after ten days,
The electrieal conductance inereases, the pH rises, and
the absorption peak in the neighborhood of 355 nu is
ghifted toward the lower wavelengbhs., Inasmuch as only
one titratable hydroxyl is wnwa@mw,wawawmww% and after
standing, and because the values for Ky are somewhat
different, the change is quite probably the replacement
of a hydroxyl group in the evordination sphere about the
eawﬁww atom by & molecule of water. This has already
been suggested by the British Drug House group (44). It
might well be expected that the catalytle effeot on the
alr oxldation of icdide would depend on the extent of
this change after dissolution of the wwma erystals. As
indiocated above, however, experiments showed no signifi-
cant variation with tiwe. |

b. ZEnzyme-like character of By, . The variation
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in the velooity of the oxidation of iodide to free

iodine by air with changing iodide concentration, Fig,
2%, resembles similar plots for enzymetie resctlions., A4
plot of reeiprocal velooity against reciprocel icdide
concentration yielded a straight line, Fig. 25, in agree-
ment with simple enzyme theory (45). The value obtained
for the dissociation constant of the Elza~x* gomplex
(enzyme~substrate complex), Ky % 0,396 M, is large in
comparison with Kg values of most enzyme substrate com~
plexes,

The overall reaction, of course, involves the hydro-
gen ion, 0y + AH  + 41" =5 419 + 2Hp0, so that it is not
surprising to find the reaction dependent on the hydrogen
ion concentration. 4 plot of reciprocal velocity sgainst
reciproeal acid conscentration gave & straight line indi-
cating that only one hydrogen jon enbers into the rate
gontrolling step, Fig. 26. Considering sulfuriec acid as
the substrate, the @iﬁﬁgci&ti@n‘eanataﬁt has the value,
K@ % 0.430K,

Cyanide acts a8 an inhibitor for this system, for
Byg which is formed by the addition of cyanide to Byg,
is inmective as & catulyst in congentrations comparable %o
those of Byg.. It has been demonstrated that oyanide is
detached from B&E by irradiation with ultra viclet light
(9) and this ig in socord with the catslysis observed

when the lodide~sulfuric acid-sir~Byp solution was irra-



Fig. 285

Catalytie Oxidation of Iodide by Adr; Plot of
Reeiprocal Veloeity, v, (Moles per Liter per minute)
against Reciprocal lodide Concentration, &,
{moles per liter). Caloulated from datg of
Fig. 25. Kg % 0,40 N; V 2 8.3 x 10
moles I° per minute (maximum veloecity).
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Catalytie Oxidation af lodide by Alr; Plot of
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disted., Using the technique employed in this work in
which a streanm of air was passed through an aeid solution
and from whieh hydrogen coyanide would be rapidly swept,
it is impossivle to study this inhibition guantitatively.

Prelinminary attempts to obtain oxlidation under more
nearly physiologlcal conditions were performed by includ-
ing several pure proteins in the resctlon mixture with the
objective of providing & cavrier whieh might change the
conditions of scldity under which the catalysis oecours,

No significant oxidation ocourred, even in periods of
time up to 25 minutes and pH values down to 2.5, Hor
did histidine sectivate the cetalyst in neutral solution.
It seems quite possible, however, that Byp, might have
physiological significance in oxidative processes involve
ing ilodine, as well as in other oxidative catalyses.

5. Bummery. |

a, Vitamin By,  catalyzes the oxidation of iodide
to free lodine by alr in secid solution.

b. The rate at whioch the alr oxidetlon of lodilde
ocours was measured at varlous concentratlons of Blaa*
potassiunm lodide and sulfurie agid.

6, The system resembles an enzymatie system inasmuch
es plots of the reciprocal veloelity versus reciproeal sub-
strate concentration yield a stralght line, considering
potassium iodide and sulfuric acid as substrates., Values

for the dissociatlon constant of the “enzyme~substrate”
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couplex were obtained.

d. Vitemin 313 does not catalyze the alr oxidation
of jodide in the concentration employed and therefore
eyanide may be considered as an inhibitor in this system.

e, 4t wes postulated that the ecatalybtle behavior
of vitamin Byp, involves the addition of moleecular oxygen
to the bivalent cobalt atons of Biar* forming a binuclear
eompound in which two cobalt atoms are linked through a
peroxo group. Vitamin Byp,, however, under completely
oxXygen~free coundlitions failed to oxidize iocdlde in acid
solution and therefore itself cannot contsin a peroxo

EXoup.
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of 313& is a mixture of ocobalt~free end cobalt-containing
materials,

7. Leas than one mole of carbon dioxide and less
than one mole of hydrogen oyanlide is produced on acid
hydrolysis of vitamin 313% ?hé s&m of the two approaches
one., HNo earbon ﬁiéxiﬁa is @faduaaa;éuring the acid hydro-
lysis of vitamin By, . It is grmb&b&a‘that the ecarbon
dioxide produced in 313 hydrolysis arises from the cyanide
of sz*

8., A method for the preparation of the red acid
fragunent was deseribed.

9. Attempts were made to yurify the red scld frag-
ment by preecipitation, eountercurrent distribution, ion=-
exchange and chromatography. No pure, crystallizable,
red froguent was cbtalned by sny method.

10. ﬁzﬁamy%s to preyara erystallinm metal salts of
tha‘raﬁ‘aai& fragment also failed.

11, OCertain chemleal and physieal properties of the
red acld fragment were established in so far as could be
done on a mizture of related materials.

12, The infrared, ultraviolet and visible spectra
of the red acid fragment were obtained,

13, Bromine reacts with the red aeid fragment.

14, The bromination product produced has a markedly
different spectrun from that of the red soid fragment and
is guite inscluble in water,
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15, Attempts at guantitative bromination of the
red acld fragrent falled because of drifting at the
staroh-iodine endpoint.

16, ©Spectrophotometrie studies of the red acid
fragwent cyanide derivative were desoribed. Absorption
at 278 mu of this ocompound suggests that cyanide cone
tributes in this region.

17. The reaction of the red acid fragment and
acetic anhydride yielded an anhydride as shown by the
infrered spectrum of the product.

18, The reaoction product of 313 and acetic anhydride
yielded a product whieh could be eilther an anhydride orx
eyelie imide,

19. The Hofmann haloamide resction with vitamin
333 was studied.

20. & pure reaction product could not be isolated
from the reaction mixture of E&ﬁ with alkaline hypo=-
chlorite, Some amine formation probably occurred, how=
ever,

8l. HNo ammonia was produced in the Hofmann reaoction
with vitamin Bye.

28. Vitemin Byy reacts with both mereouric oxide
and rereuric acetate, probably through the amide groups
of the Bjyp moleculs. The two products obtained are prob-
ably not the senme.

83, Analyses of the reaction product of Blz and
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mereuric acetate gave neroury to cobalt ratics approsching
thres. It is not possible to say how the mercury is
attached.

24, Infrared, ultraviclet and visible spectra of
the mercuric acetate reaotlion product were obtalnsd.

28, Vitaminkﬁlz& catelyzes the air oxidation of
jodide to free lodine in acid solution. To a much lesser
degree, vitamin Byp and the red acld fragment are also
active as aétalysﬁs‘ It is probable that the catalytie
action involves the cobalt atom.

2. The i&tﬁ of the air oxidation of iodide by
Bypg catalysis was meesured with various concentrations
of Bypgy, lodide and acid,

27. Flots of reciprocal velocity versus reciproecal
concentration of iodlde or sulfuric acid yield straight
lines.

28, Values for the dissociation constant of the
catalysis complex were obtained,

29. In the complete absence of oxygen, no oxide-
tion of iodide oecurs by Byg,. This fact eliminates the
possibility of a peroxo group in'ﬁlaa.
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