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INTRODUCTION AND REVIEW OF LITERATURE

It has been known for a number of years vthn.ﬁ the inclusion of liver
in the diet is of great aid to persons suffering pernicious anemia (1),
Isolation of the principle active in curing the pernicious anemia proved
to be exoeptionally difficult. The active prineiple is present in liver
in only minute amounts and the assay method Ly which the steps in ite
congentration could be followed was poor, the sssay method being the '
assessment of clinical improvement of pernicious anemia patients in
relapse. After some 20 years of only moderately successful work, a
more rapid blo-assay method was found (2) and the isolation of the pure
principle followed repidly (3, 4). In 1948 a red crystalline compound
was isolated by the chemiste of Merck and Company, They named this
materisl vitemin By (5). Miorogram quantities of this orystalline
material produced a positive hematalogic response in addisonian
pernicious snemia, and compared with sn arbitrarily selected standard
liver concentrate assigned a potensy of 1,000 LLD units per milligram
the red orystalline compound had a potency of about 11,000,000 LLD units
per milligrem, |

Shortly after the amnouncement of the isolation by Merck and

Compary a simllar announcement was made by Glaxo Laboratories, Lid. of

Vitamin B,, was found to contain cobalt (7, 8), phosphorus and
nitrogen. The presence of cobalt was quite unusual and is the firat



case of cobalt appearing in a biologically active materisl, The minimm
molecular weight of vitamin By, is about 1300 (9) while the formila is
approxinately %—&“&wa’m%’% It is soluble in water and
crystallizes from a water asetone mixture in birefringent crystals

which fail to melt up to 300° but darken srcund 210" to 220°. The
materiel is (1)-rotatory with a specific rotation of [6] 22, = -59 ¢ 5
(10). In squeous solution it shows absorption maxims at 278 m N (Ei‘m -
105), 361 my (¥ = 204) and 550 mp (B ey, = 63). |

It was disclosed in nearly simlmms publications from the
United States and the Netherlands (11, 12) that vitamin B,, centains a
eyans group, undoubtedly sttached coordinatively to the cobalt atom.
8ince vitamin B,, is not toxic, the cyanc group must be tightly bound
within the ocoordination complex,

When a solution comtaining vitemin By, is hydrogenated over a
platinum catalyst, a browm solutien resuits (13). Oxidation of this
trown selution produses a product termed vitamin 812‘. Vitamin Byo,
my alsc be prepared by illusination of an acidic aqueous solution of
Byp (12). It is belleved that B,, differs from B,, only by the re-
Placement of the cysnids growp of By, (11) by & hydroxyl group (1h).

Other 312 analogues have been prepared by replacement of cyanide
by various anions such as chloride, bromide, sulfate, cyanate and
nitrite (15). The BR derivatives are converted to vitamin By, by
resction with cyanide ions. Because of the various analogues possible,
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1t was suggested that the name cobalemin be assigned to all of the By
molecule excepting the cyanide (1, 15). Then the compounds could be
referred to by Werner nomenclature as cyano-cobslamin, nitrite-cobslamin,
hydroxo~cobelamin, sulfato-cobslamin, ete.

Degradation of vitamin B,, by asid hydrolysis yields e mumber of
small fragments and a‘~Mq red acidic, cobali~containing fragment
designated RAF, red acid fragment, The red acid fragment amounts to
spproximately two thirds of the molecule.

A "pinkydrin-rescting” hydrolytic fregment first reported to be
2«aminopropancl (16, 17) but later identified as l-amino~2-propancl
has been cherasterised by strusture exsmination and by synthesis (18),
The number of molecules of l-amino-2-propancl per meoleocule of
vitamin By, has been reported ss both one and two (19, 20, 21).

Three bensimidasole compounds have been isolated in varying
snounts depending upon the conditions of the hydrolysis (20, 22).
le2-Deribofurancsidow5-6-dimethyl-benzinidasole has been obtained by
degradation of vitemin By, and by synthesis (23). One nitrogen
benzimidasole iz thought to £i11 one coordination position of the
‘cobalt atom (24). '

The acid hydrolyszates from vitamin By, were found to contain
phosphate (25), end further it was suggested that the phosphate is
attached to the G, or G4 in the ribose molecule (26, 27). Recent X-ray
studies appear t ghow the phosphorus attached to the &s of the ribose
molscule (28).
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Much work has gone into attempts to obtain crystalline the red
acid fragment, Various methods for the separation snd purification of
the RAF include the Cralg Countercurrent distribution apparstus (21),
‘¢lectrophoresis and chromatography (29)., Recently a hexa~basic aeid
fragment haz been obtained as red prismes after rigorous alksline
hydrolysis with 30 per cent sodium hydroxide at 150° for 1 hour (30).

The work presented in this thesis is a further investigation into
the nature of the groups attached to the red scidic, cobalt-containing
fragment and into methods of their cleavage from the fragment., The ‘
isolation of the fragment itself by countercurrent distribution methods
was also studied.
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Characterization of the heated products. In all, three heating
experiments were carried out. In experiment number one the sample of
vitamin By, was held for 8 hours sugcesaively at each of five tempera-
tures from 109° to 210° ., sz shown in Table 1.

The 210° product, a black material, was soluble in water yielding
a brown-orange solution. This eolution turned purple when treated
with an excess of sodium ¢yanide.

The infra-red spectrum of the 210" product showsd same modifica~
tions in the bands st 6.0 and 6.2/ and a new band at 5.7

The data for the ultraviclet and visible spectra for vitamin B,
are shown in Table 2, while the data for the spectra after heating to
210° are recorded in Table 3. 4 plot of these date is shown super-
imposed over the spectrs of vitanin Byp in Pigure 1,

_The dicyanide complex spectrs were obtained (Teble L) and are
shown with the spectra of the vitamin B,, dicyamids in Figure 2, The
data for the ultraviolet and visible spectra of the vitamin B,,
dicysnide are given in Table 5.

In experiment mumber twe the sample was held for 20 to 2k hours
at each successive temperature, the final temperature being 243° C.
(See Table 1.)

The 243* produst, blaek in color, was not soluble in water, bensene,
methanol, dioxane, acetone, carbon disulfide or chloroform., It yielded



%‘aklal.rlma in weight and ammonia liberated on heating vitamin By,

Temp. ﬂht_;__ veight liberated ratio”
* . nge ﬂga , NZe 7 r &0 % 1,

- Experiment 1 :
109 22,280  19.715 «2.505 11,73 0,00 - -
123 19,775 20.058 +0.283 + 1.27 0.00 - -
155 20,0 19.904 -0.15h - 0,69 0.032 0.00191 0,135
186 19. 3.9;&3? 067 - 2.@9 0,033 0.00191 3;135
Total | ~3.452 = -zs.k? 0.153 00899 0.638
100 22,607 19.098 -3.5@9 | ~z§.h$a 0.0169  0.00100
183 18,808 1?.953 -a.ass 3.?3@ 0.0777  0.00L57 a.sé:fa
20 17.953  17.215 ~0.738 3.260 0.1500  0.00886 0,709
Total | | ~5.392 3. 0.2736 _ 0.0160  1.22
23 17.215 16.213 ~1..002 b.320 _0.09h8 _ 0.00558 O.hhko
115-&9 59.355 h&.eiz? -11.898 19.75 0.5955 0.035%0  0.965

*Milltequiv. By, = (Final wt. + wt. Ki, mtud)!l:w.
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Table 2, Ultraviolet and visible spectra data of vitamin By,

Haw}.angth Optical Wavelength Optical
in my density in mpy density
270 1.1 395 0.359
275 1,225 hao 0.30
278 1.245 ko 0.335
280 1.220 h2o 0. 305
285 1,068 h3o 0.300
287 1.035 hko 0.300
290 0,985 L) 0.315
295 0.790 Lso 0.350
300 @‘?W k70 04390
305 0.7h5 k8o 0.hho
307 0,732 h9o 0.480
2o 0.705 500 0.5h0
s 0.6 s 515 0.655
320 0. 520 0,660
328 méw 525 0.660
In 0.600 530 0.665
335 0.670 538 0.675
3ho a.a% Sho ©.705
350 1,360 550 0.710
355 1.860 595 0.690
- 357 2.090 560 0,620
358 2.155 580 0.240
2:159 ' 57@ 0.&15
365 1.800 590 0,150
375 0.800 0,100
380 0,520
385 0.395
3% 0.350
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Table L, Ultraviolet and visible spectra date of the dicyanide adduot
formed with vi%win Bm heated to 210°

Wavelength Optical mwm apm | Wavelength Optioal

inmy  density in n/d aamiﬁy inmy  density
272 0.568 3?5 @.593 530 0.203
27 0.560 380 0196 538 0.203
26 0.593 385 0.433 5ho 0.211
278 0.601 3% 0.368 540 0.214
20  0.599 395 0.305 Shk 0.215
264 0.558 koo 0.2 56 0.215
266  0.5h2 ko5 0.192 Sk? 0.25
290 0.526 klo 0.164 550 0.212
294 0.h17 k15 0,153 552 0.202
208  0.375 420 0,145 55 0.204
300 0.375 Las 0,137 556 0.200
35 0.383 130 0.1 558 0.197
N0 0,380 L35 0.125 560 04195
35 - 0.3680  We 0.125 56h 0.19%4
320 0,337 hhE 0.127 568 0.197
30 0.290  hBS 0.137 575 0,211
33 0.295 héo O.2h2 : 578 0.220
3ko 0.318 h6s 0.1h7 St 0.227
3hk 0.362 ko 0.154 582 0.230
38 0.k07 k78 0.158 584 0.232
350 0.h2y k8o 0.161 586 0.233
358 0452 L85 0.17h 588 0.232
360 0.513 k9o 0.179 590 0.229
364 0,626 500 0,190 600 0.184
366 0.678 508 0.194
367 0.69% 510 0.196
268 0,700 515 0.195
369 0.699 520 0.19k

3 0.693 525 0.197
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Table 5, Ultraviolet and visible spectra data of the vitamin By,
Mm&dw complex
Wavelength Opticsl Wavelength Opticsl
inmpy density in m v density
270 1.050 395 04360
275 1.035 hoo 0.250
217 1.025 ko5 0.200
285 0.815 k15 04200
287 0.810 20 0,195
290 0.73% 430 0.160
300 0,580 450 a.x'm
310 0.6h0 k70 0.22%
ok TR
325 ou3us 500 0.365
33 0. 345 510 0.0
335 0.3% 520 0.450
340 0.500 5% 0.540
345 0.720 535 0.580
kY 0.835 Sho 0.575
350 0.895 sks 0.560
352 0.910 550 0.530
355 0,95 555 0.515
360 1.290 560 0.525
362 1.570 565 0.550
- 365 1.800 570 0.608
366 1,810 575 0.640
30 1.550 580 0,639
380 0.810 585 0,600
385 0,600 590 0.500
%o 0.450 600 0e 300
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a brown solution when dissolved in a scdium cyanids solution, but a
little fine carbonscecus materisl still failed to dissclve, The
infra-red spectrum of the 243° material showed & new band at 5.7V and
some modifiostion in the bands at 6.0 and 6.2 0 .

| The ultraviolet and visible spectra were obtained on the browm
solution which resulted when the 243" product was dissclved in sodium
syanide, "ﬁu data for these spesira are shown in Teble 6, and the
spectra are shown in Figure 3 with the spectra of the vitamin B,
dicyanide complex. Also shown in Figure 3 sre the spectra which

which resulted when wmmm« acid was added to the cyamide selution
 to effest the removal of the cyanide, The optical density data of the
scid solution are listed in Table 7.

The addition of hydrochloric acid to the brown solution formed by
disselving the 243" produst in sodium cyanide solution caused a brown
precipitate to form. The liquid sbove the precipitate was quite olear.
Bome of the precipitate was washed several times with distilled water
and placed in s titration flask with some distilled water. Purified
nitregen was passed through the solution for L5 minutes and then the
solution was titrated with sodium hydroxide. The titration curve data
are shown in Table 8 and are plotited in Figure L.

In experiment mumber three the sample was heated for 1l hours at
100° snd then for 5 daye at 175° to 180° (ses Table 1). The material
was soluble in 10 per cent sodium hydroxide. A brown solution having
& somewhat reddish tint resulted. The material is somewhat seluble,
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Table 7. Ultraviclet and visible mm data after treating
the digysnide adduct of the 2h0" material with
hydroechloric acid 4o effect removal of the oyanide

Wavelength Optical Wavelength Optical
inm y density in my density
280 0.767 395 0.198
28% 0.670 hoo 0.183
290 0.580 hos 0,177
295 0.450 Lo 0.172
300 0.113 L20 0,168
305 0.h03 k30 0.157
3o 0.392 hlo 0.154
315 0.393 W5 0.151
3 0,389 50 O«1h9
325 0.382 Ls5 0.143
330 0.377 héo 0.1h2
- 335 0318 k70 0.136
3o 0.37h k8o 0.127
35 0.379 g0 0.121
350 0.387 500 0.117
355 0.395 510 0.113
357 0.395 520 0.110
358 0.392 530 0.106
360 0.385 sho 0,10k
368 0.358 550 0.098
37 0,328 560 0,090
315 o,.eg 570 0.083
380 0.266 580 0.075
385 0.239 5%0 0.070
390 0.217 600 0.066




Table 8, Titration data for the brown precipitete formed upon addition
of hydrochloric scid to the brown cyanide complex solution
of the 20" product

ml, P
0,00 5.10
1.00 7.00
1.10 T.26
102@ ?‘ks
1.3 7.75
1.h0 7.:84
1,50 8.06
1.60 8,15
1.70 8.3
1.8 B.hk
1.90 8.60
2.00 ' 8.63
2.10 8.73
2,20 8.83
2.% 8.90
2.0 : 8.93
2.50 9.00
2,“ 9.1@
2,80 / 9.3.8
3;-% 5 2. 33
3.20 © 9.3
3«&@ ) 9 * 32
3.60 9.39
3*% 9.&6
L.00 9.50
.50 9.60
5,& 9;6&
5.50 9.73
6.00 2.78
?*w 908&
8.00 .91
2.00 9,98

Ifh : 10 mm




Figure 4. Titration curve of brown presipitate
after heating to 243*
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but not completely so in distilled water. A sodium oyanide solution
dissolved the produst %o produce a purple golored sclution but, a8
with the sodium hydroxide, a small amount of material remained un-
dissolved.

A ssmple of the materisl was mishaﬁ out, placed in a titration
flask and nitrogen was passed through the solution for LS minutes. The
solution was titrated with sodlum hydroxide. The titration data are
listed in Table § and are plotted in Figurs 5, No potenticmetric bresk
was observed in the titration curve,

Results

The infre~red speotrum of the 210" product showed scme modifice~
tions in the bands at 6.0 and 6.2 and & new band at 5.7v .

The ultraviolet spectrum of the 210° produst wes changed; The
peak at 278 my was missing and the pesk at 3 my was desreased con-
siderably. The pesks st 516 my and at 538 my in the visible were
not dissernible. A low, broad peak covering the region from L50 my to
550 mu was all that remsined.

The dicyanide complex of the 210° product had the same gensral
cutline as the vitamin By, dicysnide cemplex except that the maxims

were not so pronounced

~ The infra-red spectrum of the 240° produst showed a new band at
5.70 and some modification in the bands at 6.2 and 6,0 ¥ .
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Table 9, Titration date for vitamin By, after prolonged heating st 180*

NaOH
wl. pH

0400 7:43
0.12 | 8.00
0.20 ’ 8.27
@w’g 3.51,‘
0.40 8.70
o s
0. .
0.72 9.0l
0.80 9.12
9.92 ‘w_
1.00 9.21
1.12 9.2
1.20 9.3
1.32 9.32
1.40 9.37
1.52 . 9.4ko
1.60 942
1.72 9.u2
1.80 9.h6
1.92 | 9.50
2‘“ 9'51
2:-% 9‘51
2,60 9.58
3.00 9.60
3.52 9.60
L.00 * 9.60
k.52 9.60

sﬂw . 9‘&




Figure 5, Titration cwrwe of vitamin B9
' after heating to 180%
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2, The pesk at 358 my was shifted to 352 mp and & new band
appeared in the infra-red at 5.7y after heating to 210°. This latter
would be expected to sppear ss the result of oyolie imide or anhydride

formation,

3. At 240* two molecules of ammonia are expellsd but the other
changes in the molecule are much more extensive.

Engymatic Hydrolysis of Vitamin 812
Introduetion

Vitamin Bu aanum~‘ phesphorus which is thought to be a trie-
substituted derivative of phosphoric acid (26). Acid hydrolysis causes
cleavage of & phosphate linksge which is part of the molecule, the
phosphate showing up as free phosphoric acid and in combination with
ribose and with ribose linked %o bensimidasole (22). Inammuoh as
l-amino~-2-propancl is aleo a product of the acid hydrolysie, it is
possible that the phosphate may slse be linked to the l-amino=2e
propanol..

It was thought that a cleaner and more complete cleavage of the
phospbste linkages might be obtained using the enwyme phosphatase in
plave of the previous acid hydrolysis. Ome important resuli of auch
sn improved hydrelyesis, if realised, might well be the crystallisation
of the acidic cobalt-containing fragment, the failure of all previcusly
obteined cobalt fragments to crystallize undoubtedly being due to an



5.3 3
incomplete rupture of the bonds attaching the various units to it.

In the present work three phosphatase preparations were examined
as to thelr ability to cause releass of phosphate from vitemin wwm.
They were (1) prostate phosphatase, (2) a commercial preparation
called polydase and (3) purified dlesterase from rattlesnake venom,

Experimental work

Apparatus and materials. A Beclonan Model DU quarts spectroe-
photometer equipped with l-om. quarts cells was used to measure the
optical density of all selutions,

A Beskman Model G pH meter with micro electrodes was used for all

pH messurements.

Vitamin B,, obtained from The Squibb Institute for Hedical
Research was reerystallised from distilled water and dried in a
vacuum over anhydrous magnesium perchlorate,

Baker and Adamson reagent~-grade ammonium molybdate was used to
prepare a 6.6 per cent stock solution. Acid molybdate sclutions were
" prepared from this solution ss deseribed by Rockstein and Herron (33).

wuxﬁ.l and Adsmson reagent-grade sulfuric agid was used for pre-
paring a 7.5 N solution,

Baksr and Adsmson yvesgent~grade potassium cyanide was used to pre-
pare a 10 per cent solution to be used in forming the vitemin awu
dicyanide complex.



Jo aequnu v suypejuoo sweplyod sﬁ *yrol mey fuousss *qH Jo Lreduoy
BIVAYOS oy WOy uoTjeredexd Tepodeumos pYIos ¥ sen eswplrod eyy

‘wgqesuqosesey ‘uogsog ‘Aresuedsyg
uoysoy ey Jo PTMog *p g Ly peyrddns sea eswyeudeoud eyeisoly

*suoijnyos sywydsond paepusge exwdead o4 pesn sea
seydsoyd weBoap Ty unteseyod epead-quefess uOSENDY PUS Jexed

*soydwes Jo Bumyse
4% 8Y3 UT POsm SBA PTOR OVIITU epeaB-queSeed uosWepY puE Jeweq

*sordums Jo Sutuse oM
oﬁ.;ﬁ pesn gen pioe oltorysxed epesBeqneBess vosUMPY pUw asyeg

*(02) *T¥ 3¢ LeToo) 4 peqraosep
ge pexedexd sem egeydsoydoygroTouedoad-g=cutnmu-1 punoduco ot

*xorduoo epyuedorp Elg upmwyra
S} JO UOTIONIYX® U SO POST EBM TOOLTE TLWUeq NEpoY UewySey

gty yowe pexwdead sea uoTyutos

USSIF ¥ *TH OOT 0% BUTARTIP PUe PYow OTMMITRe N §°L *Tw T Sutppe

‘PTIO8 o3 Jo 3 § gm0 BupyBtes £q pecedsad wen jusudoressp JoT00 |

207 uopnTes ¥ .,.nﬁ% entq umuepqlrou oty doyeasp o3 pesn quelw
ou} sea ererpAyeidey e3eJINE Snolley jusives perAreus Teswd

- gg .

8B 9qBJTNE WMpos enopiue @peid-quelwes uosuwpy puv Jeyeq

(41



33

| unspecified mmaa. A 0,1 per cent {w/v) solution was prepared fresh

before aﬁh U6,

Purified diesterase from rattlesnake venom wes supplied by
Dr, Robert Sinsheimer of the Iowa State College Physics Depariment.

- Procedure for prepa
of phosphate & series of standards were preparved containing 1, 10, 20,
30, 40, 50 and 60 p g. of phosphorus per milliliter. The standard
curve was prepared by taking & series of small beakers in which were
placed the following emounts of phosphorus: O, 1, 10, 30, k0 and 60 v g.
The pi was adjusted to 0,7 with sulfuric acid. The solutions were trans~
ferred quantitatively to & series of 10eml., velumetric flasks and the
flasks were diluted to volume with distilled wster. The contents of
the flasks were, in tuwrn, transferred to 25-ml. volumetric flasks. The
~ 10wnl, flasks were rinsed with two 2.ml. sliquots of acld molybdate

standard curves. From the stogk solution

solution. Ten more ml. of acid molybdate were than pipetted inte the
25-m}. flasks followsd by 1 ml. of freshly preparsd ferrous sulfate
solution, The flagks were then stoppered and inverted 50 times. The
optical density was read at T2 my 15 mimites after starting the in-
verting of the flasks. Distilled water was used as a blank,

The plot of the optical density against the concentration of
phosphorus per 25 ml, followed Beer's law in the concentration range
inventigated. The data are recorded in Table 10 and are shown by
curve "A" of Figure 6. |
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Takle 10, Detersdnation of phosphorus ss mlymphouphnu blue
calibration M“g in /-/ B por 25 310

5 P | | Optical

tmh : density
1.0 0.006
10.0 0.0h3
3.0 0,125
4o.0 0,168
60.0 0,250

*Soe UAY of Figure 6.

When sclutions containing vitamin B,, were prepared for analysis
with known mgms of phosphorus added, a pink flocoulent precipitate
formed upon addition of the acid molybdate reagent. This caused
incorrest optieal density readings. It was mecessary to eliminate the
vitamin Bz.z prior to the formation of the complex with asid molybdate.
This was effected by extvaction of the vitamin Bm dicysnide cocmplex
with bensyl alcohol (3h4).

A standard curve was prepared using the extraotion procedure,
This involved adjusting the pH to 11.5 followed by the addition of 1 ml.
of 10 per cent potassium cyanide, The sclution was then permitted to
stand for 5 hours after the addition of the potassium cyanide. This
anount of time was necessary to insure the complete comversion of
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Table 11. Determination of phosphorus as ngopmmh blue
calibration date, in MBs per 25

i e ity
1.0  0.018
10,0 0.055
30.0 0.1h5
.o 0.188

%360 Curve "B* of Pigure 6.

ashing with concentrated nitric and perchloric acids. The residue was
analysed for phosphate by the first method described under methods,
The phosphorus content was 21,5 wg. of phosphorus per milliliter.

A stoek solutien of l%&pmys@wmpm:mu was prepared
and the phosphorus comtent determined by wet oxidation followed ky
anslysis of m phospbate produced. The phosphorus content was 58.h v g,
of phosphorus per milliliter,

Iwo l-ml. aliquots of the leamino-2-propanclorthophosphate were
treated with a freshly prepared polydase mlu'mm; These solutions and
a blank were incubsted at 37" for a week. The resulting slutions were
analysed for free phosphate. Practically quantitative releass of
phosphate was found. These data are tebulated in Table 12,
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Table 12, The action of the various ensymes on vitamin By, and
l-gmine«2«propanolorthophosphate

Vitamin By» l~amino-2-propanclorthophosphate

hm. P »rEe P ~Es P opge P
Engyme used ta 1] wﬁw found taken found
Prostate 6l.5 0.00 584 59.0
6.5 0.00 58.4 59.0
Wﬁgﬁ @mv!m 1.8 m@.w mﬂcw
6h.5 0.00 58.4 571
6h.5 0.00
Diesterase 64.5 0.00
6.5 0.00
64,5 0.00

Three 3.0wnl, _su,wagwu of vitamin mwm solution were taken to dry-
ness on the steam bath, The dry residue was taken up in 5 ml. of
0.1 per gsent polydase solutlon and then incubated for 7 days. The
analyses for the free phosphate were carried out after extraction of
the solution with benzyl alcohol as described above. No phosphate

 was found to have been liberated.

Three aliquots of l-amino-2propanclorthophosphete were taken
and the pH adjusted to h, 5 and 6, respectively. To each aliquot was
sdded 0.1 ml. of prostste phosphatase and each sample was incubated
for 2h hours at wq..,.‘ The analyses for free phosphate showed aura at pH
li and 5 quantitative relesse of the phosphate ocourred. At a pH of 6
the release was not quantitative.
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Two aliquots of vitamin Bl& containing 3 ml. each were adjusted to
a pH of 4.0, and 0.1 ml. of prostate phosphatase was added. The
solutions were incubated for 2l hours at 37°. After incubation the
vit;min 512 was extracted and the samples were anslyzed for free
 phoephate. o phosphate was liberated.

Tk;e agtion of purified diu#cm prepared from rattlesnake venom
was studied on vitemin By,. Aliquots of 3 ml. were taken and ompmw
to dryness carefully on a steam bath. The pH was kept at 9.2 by an
somonia~gmmoniun acetate buffer. The solutions were made 0.02 M in
magnesium by the addition of masgnesium scetate. After incubation at 37°
for 2k hours the solutions were removed and analysed for free phosphate.
No free phosphate was found.

The results of the action of the various phosphstage tried are
tabulated in Teble 12,

The treatment of vitamin 512 with cold congentrated hydreochlories
acid followed by treatment with polydase was studied.

Two 2-ml. aliquots of vitamin By, were talmn to dryness, dissolved
in 2 ml. of concentrated hydroshloric acid and let stand at room
temperature for 2 hours. The solutions were then neutralised to a pH
of 6.5 to 7.5 and 1 ml. of 0.1 per cent polydase solution was added.
The resultant solutions were placed in & 37° bex for 33 hours to
~ incubate.
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oobalt. This permitted the location and identification of the various
hydrolytic products,

In the preceding sevtion it was shown that greater than B0 per cent
of the phosphorus can be liberated from &wga Byp by treating the
molesule with concentrated hydrochloric acid at room temperature and
then following with an ensymatic g@wﬂﬁu vith polydase at 37° for
30 gu_. It was thought that by the use of this combined hydrolysis
procedure & cleaner and more complete cleavage of the various fragments
would result and that a greater degree of separation could then be
achieved in the Craig countercurrent apparatus than was achieved when
the simple hydrochlorie acld hydrolysis cited above was utilised.

The following experiment was designed with the hopes of cbtaining
& oleaner cleavage of the hydrolyzable fragments which could then be
separated in the Uraig apparatus. In the experiment the combined
ensymatic and hydrochloric acid hydrolysis was carried out and the
hydrolysate was put through L0 transfers in the Craig apparatus employ~
ing 1 ¥ hydrochloric acid equilibrated with n-butancl as the stationary
phase and n-butancl equilibrated with 1 ¥ hydrochloric acid as the
moving phase. A sharp separation in the Craig apparatus would allow the
allocation of nitrogen to benzimidamole, l-aminec-2«propancl, free
anmopia end the red scidie fragment to be accurately determined.

Experimental work

~ Apparstus and materials. A Beckuan Model DU spectrophotameter
equipped with l-om, silica cells was used for all absorption measurements.
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The hydrochlorie acid rm,mmami@ were reagent-grade materials
supplisd by the Beker and Adamson Company, NHew York.

The reagent-grade perchloric ascld was obtained from the

m lmﬁznﬁw g\‘:'sua
efficient was technical-grade material from Eastman Kodak Company,

‘3. used teo determine the distribution cow

Roshester, New York. The material was freshly distilled and the
fraction which distilled at 159" to 160® was used.

Baker and Adamson's resgent-grade ammonium sulfate was employed
as & primary standerd in determining the distribution coefficient of
the smmoniws ion in the solvent systen employed in the study.

Crystalline 2-nitroso-l-naphthol«li~sulfonic aclid was obtained
from the G, F, Smith Chemigal Compeny, Columbus, Ohie. g» of
this muriﬂm disaolved in 500 ml. of distilled water and used u
& golorimetric resgent for wbult‘ snalysis,

The seid-molybdate, sulfuric acid and ferrous sulfate used in
the analysis for phosphate were those desoribed inm the previous section,

 Baker and Adsmson's resgent-grade sodium ciirate was used to pre-
pere & 1 M solution for use in the cobalt analysis.

The polydsse enmyme preparation previously deseribed was employed
for the enzymatic hydrolysis of vitemin By, . '
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respectively. The ratio of nitrogen to cobalt was calculated to be
12,97, The remainder of the solution was taken to dryness in a vacuum
desiccator containing sodium hydroxide and anhydrous magnesium

perchlorate.

The dry residue was dissolved in a minimum of concentrated hydro-
ehloric acid and was left standing for 2 hours at room tempersture.
After standing, the wlnﬁim vas diluted to 50 ml. with distilled water
and neutralised with 10 per cent sodium hydroxide. The pH was finally
adjusted to 7 using weak solutiens of sodium hydroxide and hydrochloric
acid,

To the neutral solution vas sdded 1 ml,. of 2 0.1 per ¢ent polydase
preparstion, The polydsse preparstion contained 0.371 ng. of nitrogen
per milliliter by analysis. The solution was then covered and placed
in a oonstant temperature box at 37* for L days to incubate.

After incubation the solution was removed, placed in a 200-ml.
round~bottomed flask and encugh coneentrated hydrochloric acid was
added to make the selution 6 N in hydroet

oric aoid. A long water-
cooled condenser was placed on the makammﬂmkwupmwma
steam bath, The flask was left in the beth for 30 hours, during whioh
tine the temperature was 98°,

After removal from the steam bath the solution was quantitetively
transferred to a beaker where it was neutralized to a pi of approxi-
mately 5.0, The solution was transferred to a 200-ml. volumetric
flask and diluted to volume with distilled water. Aliquots were taken
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for cobalt, phosphorus and nitrogen analyses. The smounts of each found
wore 10,40 mg., 5.h6 mg. and 32.hl mg., respectively. The ratio of
nitrogen 0 gobalt was calculated after subtrasting 0.371 mg. from the
value obw for nitrogen, sinse 0.371 mg, represents the nitrogen
added as enzyme. The ratio was 12.98, whieh corresponds closely to the
theoretical velue of 13 nitrogens per ¢obalt in vitamin B,, . A total
of L ml, was removed for the analyses, The solution was then trense
ferred to an evaporating dish and evaporated to dryness in & vaguum
desicoator over anlydrous magnesium psrohlorate and sodium hydroxide
pellets, |

Countercurrent distribution. The dried residue was dissolved in
1 N hydroebloric acid which had previously been equilibrated with
nebutenol. This wes transferred to tuba sere of the Uralg apparatus
and the tube was filled with more equilibrated 1 K hydrochloric to the
peur-off point (31 ml.). The upper layer of the system (31 ml. of
equilibrated nebutanol) was then added and LD transfers were performed.

Each tube was drained into a correspondingly numbered 100-ml.
flask, rinsed with 25 ml. of ethanol and then with 5 ml. of distilled
water. The flasks were diluted to volume with distilled water. The
25 ml. of ethanol added to esch flask prodused a homogeneous solutioen,
The color of the solutions in the flasks conbeining the red acid
fragnent was purple, similar %o that of a permanganate solution.

Analysis of the various solutions resulting from the countercurrent
| distribution. The optical density of the solutious from esch tube was
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measured at 278 my and 350 mp , the wave lengths of meximum sbsorption
of the benzimidasole fragment and the red acid fragrent, respectively.
The date obtained for the optisal density values at the two wavelengths
are given in Table 1k and the dats are plotted in Figure 7.

Aliquots from esch flask were digested in the ususl Kjeldahl manner.
The Kjeldahl smmonis was determined by titration of a S-minute steam~
distillate from alkeline solution. The distillate was collested in 5 ml.
of ki per cent borie scid and titrated with standard hydroshlorie acid.
The data for the distribution of nitrogen are given in Table 15 and are
plotted in Figure 8.

Aliquots of tubes O to 7 were evaparated to dryness under reduced
pressure in semi-mioro Kjeldsbl flasks, The residue was steam-distilled
for 5 minutes from a buffered solution at pi 9.5, The data for the
dlatribution of avmonla nitrogen are given in Table 16 and are shown in
Figure 9,

Aliquots from tubes O to 7 were treated with periodic acid to
effect the cleavage of the ammonia from leamino-2-propanel. After
treatment the selutions were buffered and distilled in the Kjeldahl
manner, The smmonia produced over the amount found Ly analysis for the
free ammonla was sllocated to l-smino-2-propanol. The data are given
in Table 16 and are shown in Figure 10.

| It wes found by the distillation of solutions containing a imown
smount of standard smmonium sulfate and standard l~amino=2-propanel
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Figure 7, Distribution of the red acid fragment
and benzimidazole as determined by
~ spesoctrophotomeiric analysis
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Table 15. Distribution of total nitrogen

¥g. N T % of  AtomsN

Tube no, per tube® . total per tube
1.55 0.201
u.m.,.m% 1.62
w».ww. w.&
WQM@ @t%w
057 0.07h
0.00 0.000
0.15 0.0
0437 0.
0.36 0.0ké
0.1k 0.018
0,00 0,000
0.00 0,000
0,00 0,000
0.00 0.000
@iuw' Qi@g
1.16 0,150
1.2k 0.161
1.70 0.221

F EURNRWSEGE BUBNBREONE BEENEGELRE Beoowewnro

0. ,
0.35 0.045
2 i
012 o:0%h
0.6 0.0
¥ Ou30e
1.06 ?Sm
w...mw m.%q
> S
w“Mw anmw
0.
878 31
To 99.85 12.958

*Obtained by Kjeldahl digestion, distillation and titretion,
" obtained by multiplying the per cent in each tube by 13.
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Table 16,
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Distribution of l-aming-2-propanc) and free amnonia

| Total

TN 1) ;’fm T T
0 0.3882 2,73 0,186 'e.am 7.67
1 1.8902  13.34 2.222 0.3310 1738
2 hai92 29,07 1808 0.6680 35.72
3 3.2032 22,74 3.675 04520 234
b 3.0602 21,59 3.256 0.1960 1.7
5 11752 8.29 1.223 0.0470 2.4
6 0.2680  1.89 0.301 0.03% 1.7
7 0.0452 0.5k _u;eys 0.0320 _1.66

1h.169k m.w 16,049 1.9258 100.96




Figare 9. Distribution of free smmonia
in hydrolysate
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Figure 10, mmwﬂm of Mm- .
in hydrolysate Seprapenal
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 Table 17. Distribution of eobalt in hydrolysate

£ of

Tube no, total

BUSRIETRE BERIRUBENE BEELREEERE Bomsonswnro

Total




Pigure 1l. Distribution of cobalt in hydrolysate
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Table 18, Distribution of phosphorus in hydrolysate

Mg. % of
P total
3.3




Figure 12, Distribution of phosphorus in hydrolysate
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@ﬁgwﬁg

The per cent recovery of cobalt, nitrogen and phosphorus was
calculated by dividing the amounts of essh found by the summation of
the weight of each element per tube by the amount obtained upon
analysis of the hydrolysate before performing the countercurrent
distribution. The per cent 3&@3@ of each is as followsy cobalt,
97.755 nitrogen, 100.08; and phosphorus, 97.73.

The nitrogen content in easch ﬁ&o was caleulated aa the fraction
of the total nitrogen recovered. Multiplication of this fraction by
13 then gave the atoms of nitrogen per tube. The atoms of nitrogen in
the various hydrolytic fragments were determined by swmation of these
atoms, The fractions were multiplied by 13 since this was found to be
the ratio of nitrogen to cobalt atoms which entered the countercurrvent |
distribution, The cobalt and phosphorus content of sach tube was
caleulated as the per vent of the total found in all tubes,

Results

S —————

The movement of the red acid fragment through the Uraig apparatus
was easlly followed since the fragment is intensely colored. Spectro=-
photometric measurements at 350 mpy showed the red scid fragment to be
concentrated in tubes 30 to L0, with the maximam in tube LO. Similar
messurements at 278 m) showed the benszimidasole to be concentrated in
tubes 17 to 30 with its mexima at tube 21, This is also shown by the
~ total nitrogen analysis.
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The phosphorus distribution shows four maxima snd indicates that
it is not present as a single spesie but occurs attached to various
fragments. The first meximum is in tube serc and is quite possibly due
to free phosphate as phosphoric scid. The second maximum occurs in
tube thres and may be present in cembination with leamino-2-propanol
as the ester. The third maximum appears in tube 21, where the bensimi~
dasole also pmka. This undoubtedly is attached to the bensimidaszocle
molety through the ribose group, The fourth maximum is in tube 32 and
is attashed to some other fragment not identified,

1, Vitamin Bnm apnnm to vitamin Bm* by release of the
aym:!,do group whigh 1s attached to vitamin Bm. The cyanide was re~
leased by bubbling nitrogen through the slightly scid selution while the
solution was illuminated with white light,

2, The vitamin By 2a m:mtmn m treated with concentrated hydro~
shloric acid for 2 hours at room tesperature, polydase ensyme prepara~
tion in 2 neutral sclution for 33 hours at 37°, and then refluxed in
6 ¥ hydroshloric acid at 98 for 30 hours.

3. The hydrolysste was put through a LO-tube Oraig countercurrent
ssparation employing 1 N hydrechloric acid equilibrated with n-butanol
o8 the stationary phase and n-butanol equilibrated with 1 N hydrechloric
acld as the moving phase, The separation fulfilled all expectations and
the red acid fragment was concentrated in the last three tubes of the
appayatus,
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7
A Bsckman Model G pH meter was used in all pH determinations.

An all-glass micro Kjeldehl apparatus was used to determine
mmonia nitrogen.

~ Desmination procedure. A solution of glycine was prepared by

- dissolving 0.080 g. in 50 ml. of distilled water. Solutions were
E.cwzim of scopper sulfate, sodium carbonate, sodium bicarbonate and
sodium asetate in concentrations of 8 umoles per milliliter, 0.5 M,
0,5 ¥ and 0,5 M, respectively, Tho vitsmin By, solution employed
contained 0.05 mg, per milliliter,

The experiments were carried out at p L and at pH 9.6, The
buffer for pi b was sodium asetate~acetic agid. The buffer for
pH 9.6 vas a sodiun carbonate~sodium bicarbonate solution, Blanks
wers prepared with all compomsnts Fresent exsept vitemin By, . This
was replaced with sn equal volume of distilled water, |

Twelve solutions were prepared and eash solution was heated in
contest with air for 30 mimutes in a micro Kjeldahl flask. In the
case of the samples at pH 9.6 a trap consisting of 5 ml. of L per cent
boric acid was used to catch any mmmonia that might have been liberated,
After hesting, each sample wBs ugﬁugﬁaﬁ from an alkaline solu~
tion, The distillates were cawght in 5 ml. of L per cent boric acid
and titrated with standard hydroehlordc scid. In the case of the
sanples at pH 9.6 the distillates were oaught in the traps used to
catoh any liberated smmonis. The data for the titrations are given in
Table 19.
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19
Catalytic Reduction of Cyanide

Introduotion

The hydrogenation of vitamin By, to vitamin B, with hydrogen
in the presense of platimum oxide has been shown %o produce some
methylamine (h0) by the reduction of the cysnide group of vitsain B,,.
With this in mind, it wes of interest to determine whether or not
suall smounts of ﬁmsmww“tﬂm the reduction of c¢yanide
+o methylamine when hydrogen was bubbled through a solution containing
potassium cyanide, vitamin B,, eand platimm cxide. The only
difference betwsen this experiment and the reduction of vitamin By

to vitamin B,,. is the mmount of cyenide present.

The possibility of cysnide's being reduced Ly hydrogen in the

- pregence of platinum oxide wss not overlocked. Therefore, two
experiments were also curried out to determine the uptake of hydrogen
by cyanide in the presence of platisum oxide.

 Apparstus snd materials, Pure electrolytic hydrogen was used in
the lydrogemation experiment, This was obtained from the Fhysics
Pepartment of Towa State College.

The all~-glass apparatus previously deseribed (39) in the catalytic
reduction of vitamin B,, to v&%m Byo, was used to contain a solution
of potassium cyanide, vitamin 312& and catelyst while passing hydrogen
gas through the solution.
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Tsble 20. Uptake of hydrogen by cyanide ion

Tine in hours Temperature * C.

23.0
23.1

L~

9.b 25.0
92.7 25.0
24,0
- 50.8 2h.5

R E mo
o
°

In both of the above experiments the data show that no uptake of
kydrogen oscurred.

iy drogenation of oysnide in the presense of vitamin B.,. Ths
reduction of the cyanide ien wes m;tmpm in the spparatus used
in the redustion of vitamin B, 1o vitenin B,, (). To the flask
was added 10 mg, of vitamin By, which had been recrystallised from a
water-acetone solution. A 100-mg. sample of pmaam cyanide was
added and 25 ml. of distilled water was pipstted in the flask., A
platinized-platizunm electrode m«m into the flask served as a
catalyst, ﬁyémm T m« through the solution at a slow rate.
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The solor of the solution throughout the experiment vas the
purple color which is prodused when the disyanide complex of
vitanin By, is formed,

After hydrogen had been passed through the system for 56 hours,
10 mg. of platimum oxide catalyst was added end the hydrogenation was

‘ gontinued for 16 hours longer.

After the hydrogenation wes stopped, aliquots of the solution
were taken snd an attempt ves made to prepare the picrate and phenyl- ,
isothicoyanate derivatives of metiylamine, which should be present if
the oyanide ion was reduced, The only erystals which were obtained
weore those of pioric apid and potassium mugrf‘

~ Ancther experiment was carried out in which 1 mg. of resrystel-
1ised vitamin By, was first redused to vitemin B , before the addition
of potassium cyanide. The petassium cysnide was added in l.ml.
increments until a total of 7 ml. had been added. The length of time
over which the addition took plece was b days. The exit hydrogen gas
wag passed through a solution of sodium hydroxide which scted as a
trap for any hydrogen cyanide formed.

~ After the hydrogenstion, the solutien was filtersd through a

sintered glass filter to remove the catalyst, Aliquots of the solu-
tion were titrated with standard silver nitrate. The standard sodium

 hydroxide trep was also titrated with silver nitrate.’ The total amocunt

of silver nitrate required was 0.%1 ml.; the theoretical amount was
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5,38 ml. mqmtn were also taken for the preparation of the plorate
and phenylisothiocyanate derivatives af nethylamine, HNo derivatives
were obiained; howewver, derivatives were able to be cbtained on & |
standard solution of metlylamine having the same concentration range
as that expected if redustion had occurred,

It was thought that perhsps a large mount of cstalyst would cause
the redustion of the cyanide ion to methylsmine, Therefore, a 25-ng.
sawple of catslyst vas placed in 20 ml. of distilled water and a
potessiun cyanide sclution containing 1 mg. per milliliter was added
in leml. increments for 2 days until s total of 6 ml, had been added.

Again, no derivatives were obtained nor was the amount of standard
" - gilver nitrate required equal to the theoretical required smount,

The hydrogensation gsf potassivm cysnide sclutions in the presence
of platinum oxide in & quantitative hydrogenation spparatus did not
show axy uptaks of hydrogen. Vitamin 333 and vitamin 3123' dld not act
as catalysis and promote the formatlon of methylamine. The vitamin Bya
was converted to the dicyanide cemplex and it remained in that form even
after prolonged hydrogenatien.

- The fact that methylamine is not found in the hydrogenation of
cyanide is puszling and is at variance with the observations obtained
frem the hydrogenation of vitamin By,. ‘
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The quantitative recovery of cyanide ion was not obtained by
ﬁa&s&wg, vith a stendard silver mitrate solution. This was not une
expected since the eyanide lon hydrolyses to fomate and ammonis
according to the equation

@”‘ 4 gﬂ@ « HOOO™ + ﬁu .

- If oxidizing conditions were present, it might be expected that
eyanogen would form which would decompose to fom oxalate lons and
smmonie; however, &s the existing conditions were reducing, the
formation of oxalate was excluded.

Sumaary

1, The nggﬁ of pyridoxal by vitamin au.mu in the procedure
for the oxidative deamination of glycine at pi L and at pH 9.6 did not
prosote deamination, Analysis showsd that no ammonis was libersted at

elther pH.

2. Two 1ike experimeuts measuring the uptake of hydrogen were
 condusted to deterwine if potassium oyanide would be redused to
methylamine by hydrogen in the presence of platinum oxide. The results

ware negative.

3. Vitamin B,, was added to a solution of potessium oyanide and
hydrogen was passed through the solution in the presence of platinum

. oxide. No reduction ovcurred as was evidenced by the failure to obtain

derivatives of methylamine; however, derivatives were obtained on a
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stendard solution of methylamine containing the ameunt of methylamine
expested if reduction had oocurred.

k. Vitamin B,, was redused to vitamin B, by reduction with
hydrogen in the presense of platinum oxide, cysnide was ihen added
and the hydrogenstion was contimed for & deys. HNo derivatives of
rethylamine were obtalned from the resuliing eolution, Therefars,
vitanin Byo, and vitamin Bya,. do not promote the reduction of eyanide
to methylamine.
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6., Three enzyme preparations were examined as & possible means for
hydrolyszing the phosphate group in vs.mm 312’ The preparations
_ examined wers polydase, prostate phosphotase and purified diesterase
from rattlesnske venom. Nons of the ensymes exhibited amy sbility to
cause hydrolysis of the phosphate group.

T, It was shown that the treatment of vitamin B,, with concen-
trated hydrechloric scid for 2 hours at room tempereture followed by
maﬁwt‘wmh pclydue ensyme preparation in neutral solution
libersted greater than 80 per cent of the phosphate present in vitemin

Blzﬂ

8. The compound lwsmino-2-propancl-orthophosphate was prepared.
Two of the enzynmes, prosiate phosphotagse and diesterass, quantitetively
1liberated the phosphate from this compound.

9« A large amount of vitamin By, was hydrolysed by a combined
procedure utilising hydrochloric acid hydrolysis and ensymstis
hydrolysis. The ensyme used was polydase. The vitamin By, was treated
for 2 hours with concentrated hydrochloric seid at room temperature for
33 hours at 3 ina neutral solutien containing polydsse and ﬂ.m:xy
 with 6 N hydrochloric asid at 98° for 30 hours.

10, The hydrolysate was evaporated to dryness and the residue
vas put through W0 tranafers in a Craig countercurrent distribution
spparatus. The solvent system employed 1 N hydroshloric acid equilibrated
with nwhutml a8 ﬂm/ stationsry phase and n~butanol equilibrated with
1 N hydrochloric acid as the moving phase,
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17, The theoretical distribution curves of l-amino-2-propancl and
sumonie were caloulated for the first seven tubes of a LO-trensfer
separation and were compared with the exporimental distribution surves
found by analysis.

18, Vitamin ww»h was substituted for pyridoxal as s catalyst in
the oxidative deemination of glyoine at pH L and 9.6. It wes found not
to be effective,

19, Potassium gyanide was not able to be reduced hy hydrogen over
platinum oxide as s catalyst. Vitamin mww and vitemin wwma ware found
not to act as promoters for the reduction of potassium cyasnide,

2. Quantitative recovery of the cyanide from the attempted
reduction of the gyanide lon was not realised. This is attributed to
the hydrolysis of cyanide to form mmmonium formate.



1
2
3.

La
5,

é,

T
8.

2
10.
n.
iz,
i3.
k.
15,
14.

7.

Minot, G, R. and Marphy, W, P. J. Am. Med. Asssc., 87 k70 (1926).
Shorb, M. Selence, 107 397 (1948).

Riskes, B+ L.y Brink, H. Ga, ng Fc BRey Wood, T, B, and
mﬂ, K. MW; M? 3% (W}i

Mﬁ; Bv L. and ?wm, A Fm Jy B&am i’na ﬁ mc viis {3.9&8}.

mkmy Es Lap Brink, N, 0., Kendussy, F. R., Wood, T. R. and
Folkers, K. Seienge, 107 396 (ashe).

szlgf :&. and Fmﬁ Le B g MQ and mb News, ﬁ 208

R’&Q‘k‘l Ee Ls m B @« W Pe Rs WOM; rc B, and
yﬁm,’x, Seience, wamﬁéha). o

m ﬁc Gu* mmg KQQ mm’* Ei L‘ K@lﬁmw Fo Rﬁ w@ﬂd ?. Ro
and’ Felkers, K. d. Am, Chem, Soov, 71 1859 (15h9).

Mﬁkg . Ga, Wolf, D. Ec* Kaogks, Hey Rickes, E. Iug Koniussy, F. Ru
Wood, T. R. snd Folkers, K. J. Am. Chem. S0s., 71 185k (19h9).

Mﬂz&g@?o; Kuehl, ¥, A,y Jr. and Folkers, K. Science, 112 354

Veor, W. L. Cuy mw iy Hep WW H. 0. and Lens, J,
Blochin. et Blophys. Acta, 6 225 (1950).

Kaoska, H., Wolf, D. E., and Folkers, K. J. Am. Chem. Soc., 71 1514
(isu3f. — =

m‘m Hey Wolf, D, E,, Kuebl, F, A, and Folkers, K. Science, 112
354 (1950). ‘

Kaoske, E. ‘u; Wa}f; B Eww Km; Fo As 4 and Folkers, K.
de Am. Ghem, Soc., 73 3569 (1951).

Ellis, B., Petrow, V. and Snook; G. P, J. Pharm. and Pharmacol.,
1 ?35 (19h9) . I

mi.a, By Petrow, V. and Snook, Q. ¥. gﬁ va and ?mﬂlcy
1 950 (19h9). -




18. Wolf, D. E., Jones, W, H. vmm, J. and Folkers, x. do Am,
Chem, Sog., 12 80 Z ‘

19, Ohargeff, E., Levine, Gﬂ, Green, (. and Kream, J. C. m rientias, 6
229 (1950).

20, Cooley GQ’ Blﬁ“; M. 2& ?‘Wg VY. and $W§ B, J‘- Pharm.
and Pharmacel., 5 257 (1953). —

21, Brierly, J. M. Ph, D, Thesis. Im State College Library. Ames,
Iowa, 1953.
22. Bum, ﬁu Kpg ﬁmg E. Rn, m&, B Aes m’ Bey
s P.y Potrow, ¥V, and Sturgeen, B. J. Pharm. and
mﬂ., l, 957 i:m).

23. Brink, Ne Gey Kﬂm; ro wb’ m. G+ Hep Posl, E. ey m; Je do
mﬁ ?01%, K. Ji mog lg 18&6 (195!3)..

2h. Beaven, G, g" m; E. Rey Jﬁmﬁj Ra k»g E’llh. B. and
Petrow, V. J. Pharm, and Pharmacol., 2 bk (1950).

25. Bllis, B., Petrow, V. and Snook, G. F, d+ Pharm, snd ?h:mool., 1
287 (19k9) . -

%t Mhlmm Je aog Johnson, A, ﬂat 1!5.11:; Jde A, and ?Mp Ae Ro
Chem, and Ind., 22 426 (1950).

27. Kacska, K. A. and Folkers, K. J. Am. wm. aw., 15 6317 (1953).

28, Brink, C., Hodgkin, D. G., Lindsey, J., Plokworth, J., Robsrtson, J. H.
and White, J. G. Habure (London), 17 1169 (395h). ’

29. Armitage, Jb 5¢’ @m " Reyp 33’“‘”&; A ng Parker, L. F. 3.,
m%' B I.u’ 3‘&‘1!‘% ww B. mﬁ Todd, A. R. go Chete ﬁﬂeq
38 (2953).

30, Camnon, J. R,, Johnson, A. W. and. Todd, A. R. Nature (
1168 "(2550) . ’ Landon)y 34

31. Diehl, H. and Ellingboe, J. Iowa Stete Goll. J. Sei., 27 k21 (1553),
32. HMeites, L. and Meites, 7. Anal, Chem., 20 948 (39h8).

33, Rockstein, . and Herrom, P. Anal. Chem., 23 1501 (1951).

3. Rudidn, G. 0., dr. and Taylor, R. J. Anal. Ghem., 7k 1155 (1952).



35,
36.
37.
8.

29,
ko,

92
Coolay, G., Msmalis, P., Petyow, V. and Sturgeon, B. J. Pharm. snd
Brandt, W. and Wise, W, Anal, Chem., 26 693 (195h).

Brierly, J. M., Ellingbos, J, L. and Diehl, H. Iowa Stabte Coll, J.
soi., 27 he5 (1953). » - =

Ikews, M. and Snell, E. E. J. Am. Chem, Sos., 76 k900 (195k),
Diehl, H. and Murie, R. Iows State Coll. J. Sai., 2h 555 (1952),

B I

Diehl, H., Ellingbce, J. and Morrison, J. Depsrtment of Chemistry,
Town State College, Ames, Iowa. CPrivate communication, 1952,



The suthor wishes to express his sincere spprecistion and thanks
to Dr. Hervey Diehl for his suggestions, encouragement and advioce,
without whish this course of study would not have been possible.

Apprecistion is also expressed to E. R. Squibb and Sons, New
Brunswick, New Jersey, for their generous finsncial support, supplies

of vitamin B, snd chemisals for this project.

Finally, the author wishes to express his thanks and appreciation
to his wife who contributed so much of her time and patience during
the course of this study and upon whom rested the responsibility for
the typing of this thesis. |



	1955
	Studies on the structure and catalytic properties of vitamin B12
	Richard A. Murie
	Recommended Citation


	 

