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SUMMARY

The principal guanido compound present in the aeid
hydrolysate of Viomyclin has been purified by the use of ien
exchange resins and by carbon chromatography. The compound
was obtained crystalline from an alcohol-water solution,
Elementsal analysis of the crystalline compound revealed the
empirical formula for the hydrochloride salt to be
CgHygOoNy . HCL.

The guanide cempéund was found to"be‘optidaliy active,
exhibiting ijD df ~780 ingwatgrt Potentiometric titratioens
showed the compound to have pKy values of 2.8, 5.87, and 13.4
in 66 per cent dimethylformamide and 5.30 and 12.6 in water.

The compound was subjected to acidle and basic hy-
drolyses in an effort to degrade the guanido compound to
silmpler compounds which could be more easily identified.
Papergrams of the hydrolysis mixtures revealed them to be
complex. None of the products was identified. The amount of
volatile base released by basic hydreolysis was measured and
compared with the behavior of known compounds.

The guanido compound was reduced by one mole of hydro-~

gen under perhydrogenation conditions. After purification,
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the only crystalline product obtained was the starting
materlial, recovered 1ln 20 per cent yleld.

The data obtalned from nuc lear magnétic resonance,
infrared, and ultraviolet absorption spectroscopy proved to
be of exceptlonal value 1n the eliminatlon of many structures
from conslderation.

In the course of this research, M-aminﬁpyrrOlidine-

2-carboxylic acid (aminoproline) was synthesized.




I, INTRODUCTION

A. The Chemistry of Viemyein.--Viemyeln, a tuberculestatic
antibiotic, was 1solated simultaneously in 1950 in the

laborateries of Chas. Pflzer and Co. and Parke Davls and

Co. (1,2) from similar cultures of Streptomyces with red-

violet mycelia (Streptomyces Eyniqaﬁs and Streptomyces

floridae, respectively). TTheifwo isolates were exchanged

and were seen to be identical.
Biological studles indicated that Viomycin might be
a useful antibletlc, sinece it was effective inkprote@ting

mice agalnst Mycobacterium tuberculesis H37Ry (1). However,

subsequent studies on Viomycin with humans in the advanced
stages of tuberculosis revealed that kidney toxlelty, elec-
trelyte 1mbalance, vestibular dysfunction, and hypersensitivity
resulted from the administrati@n of Viomyclin over perlods of
two to ten weeks (3). Viomycin 1s still used clinically,
however, especlally as an antituberculestatle drug in cases
in which the tuberculesis microorganism has become resistant
to the actlion of streptemycin.

Viamycin was 1solated and purified as the sulfate

salt by use of carben chromatography. Various salts of




Viemycin have been prepared (sulfate, hydrochloride, piecrate,
and the reineckate) all of which are soluble in water but
virtually insoluble in organic solvents. The sulfate melts
at 252° wlth decomposition and has a speciflc reotatien of
-39.800 (2).

Viemyecin glves positive Sakaguchl, ninhydrin, and
biuret tests and negative maltol and Benedlct's tests,
indiqating‘that it contains ggan;d@ and‘peptide groups,
but probably does not contain a carbohydrate component.
Viomycin sulfate shows an ultraviolet abserption maximum
which 1s dependent upon the pH of the selution: Amax.’ 268
m 4, E¥em. 339 (0.1N HC1); Amax.,’ess.s mu, E}%ém' 334
(PE T)5 Apax,» 282.5 mw, E3%, 219 (0.1N NaoH) (2).

| The free base of Viomycin was preﬁared by passing
Viemycin sulfate over Amberlite IRA-400 ion exchange resin
in the hydroxyl phase. The efflueﬁt was frozen and lyo-
pholized. The infrared spectrum of the free base was
determined in Nujol mull. Absorptien maxima were observed
at 3.04/u, 3.66 4 5.8 to 6.1 « wilth a shoulder at 5.72 u
and 13.9 . (4).

Elemenfary analysis on Viemycin sulfate gave C,

35.89; H, 5.52; N, 21.15; S, 5.79 (4). Van Slyke amino




nitrogen determination indicated 1.6% moles of primary amino
nitregen per mole of Viemycin (5).

The empirical formula Cigﬁ33Ng©8 (molecular welght -
500) was reported by Haskell and eowérkers (5). The
molecular formula 025H40_48§12011.3H SO waé“éuggesﬁed fﬁr
Vinactin A sulfate; which has been shown to be ldentical
with Viomycin (4). The miolecular weight of the free .base
of thé Cog coﬁpoﬁnd 1s 688. Diffusion molecular welght
studies indicate a molecular weight of 625 (4), whigh would
seem to indicate thet the Cps formila is pfeféﬁame@

Viemycin is a strong base showling EKa values .ef 8.2,
10.3, and 12 (4). There is probably no free carboxyl group
in Viomycin, The pKs of 12 1s probably due to the guanide
group and the pK, of 10.3 to a primary amino group. . The
pKy of 8.25 may be due to an o Fd-unsaturated or polar
substituted amino compound (4).

Viemyein has 1sosbestic points at 235 mu and 281 me,
which prebably lndicates that enly one group 1s disseclating
(4).

| Viemycin, when hydrolyzed with belling 6N hydro-
chlorid acid under reflux, ylelds at least seven compounds:

carbon diexide, ammenia, urea, L-of4-diaminepropionic acid,




(I), L- -lysine, (II), L-serine, (III), and a mixture of

COOH COOH COOH
H2N-é-H éﬂé‘ H N-é-H
c!,HQNH2 HQN-AQH éHgOH
(CHz)2
uéﬂzﬁﬂa

I II : III

guanido compounds, one of which 1is preSept in the hydreolysate

in reasonable amounts (5). Hydrelysis in alkaline medium

yields, in addition te the eﬁmpounds observed with acid

hydrolysis, a compound which appeared to be &dlanine by

comparison with authentic salariine on paper chromatograms (4).
Reduction of periodic aclid by Viemycln sulfate-was

determined at pH 2.0, 4.55 and 8.38. Viemycin sulfate

reduced 1.06 to 1.31 moles of periedic acid in two minutes

at pH 2.0 and 4.55. No further reduction was ebserved.im

the next 22 hours at 25°. At pH 8.38, 1.18 moles were

reduced in two minutes, 1.5 moles in 60 minutes, 2.1 moles

in 5 heurs and 4.1 moeles in 21.5 hours. During the perilodate

oxldations, ne fermaldehyde, formic acid or ammonla was

produced., However, subsequent experiments revealed that




the first mole of periodate reduced by Viemycin actually
represents lodine reduced by Viemycin and not perilodate,
and alse that periodic aclid oxldation of Viomyeln occurs
at a relatively slow rate (4).

In permanganate oxlidation experiments Viemyecin
sulfate was determined to undergo an electron change
of 4.9 to 5.2 electrons in neutral media. The reactien
was rapld. It was determined that the removal of four
electrons instead of five from Viomyeln destroeoyed the
ultraviolet chromophore. This ﬁgrees with the data from
the periodate oxlidatiens, which indicated that the
chromophore was destroyed by two moles of periodate (four
electrons). However, the removal of only two eiectr@ns by
lodine destroyed the chromeph?re. In the permanganate
oxldations neigher carbon dloxide nor oxallic acid was
produced (4).

Attémpted hydrogenations with Adam's catalyst at
376 and atmospheric pressure ar/with palladium on Norite
in Adam's apparatus at 42 pounds per square inch and 25°
did not alter the shape and positioen of the ultraviolet
peak. Evidently no readlly reducible group is inveolved in

the chromophore (4).




A solution of Viomyein was incubated wlth papaln-~
cystelne for several days. It was shown by means of paper
chromatography that papain had no effect on Viemycin (4).

The 2,4~-dinitrophenyl derivative of Viomycin was
prepared from 2,4-dinitroflucrobenzene in sodium bicarbonate,
water, and ethanol soluticn at rqﬁmgtémperapure (4). Under
these conditions 2,4-dinitrofluorobenzene has been shown to
react with primary amino groups, phenelic hydroxyl groups,
and one of the imldazele nitrogens of histidine, but net with
guanido nitrogens or with the hydroxyl group of serine (6,7).
Hydrolysis of the dinitrephenyl derivative of Viemycin with
6N hydrochloric acid for six hours, followed by two-dimen-
slonal papergrams lndlcated the presence of serine and
diaminopropionic acid. However, AS-lysine was absent. This
shows that one of the amino groups of A-lysine 1s one of
the free amino groups of Viomycin (4). The other group exhib-
iting basic propertles 1n Viemycln has not been determined.

When Viomycin was hydrelyzed for five hours at 959
with O.1N hydrochlorlc acid, it was found that urea was
produced but apparently no other fragmentation had occurred.
The "des-urea-viomycin" was o¢xldized with neutral permanganate

and fhen hydrolyzed with 1N hydrochloric aecid. Sakaguchi




analyses indicated that the amount of guanide group had
been decreased to 25 per cent of its original value. The
"des-urea' compound was also observed to donate only 4.2
electrons, instead of the flve electrons observed feor
Viemycin itself, with neutral permanganate (4).

Either urea or the guanide¢ group is inveolved 1n the
chromophore, since on acid hydrolysis the rates of urea
production and guanido increase péarallel the decrease in
the extinction at 268 my.  Alkaline hydrolyses indicated

that it 1s urea and not the guanido group that 1s involved

(4).

B. Thg Qhemigtyyﬁof thgﬂGugn;do\Cemeund.--Vi@my@in, when
hydrolyzed with 6N hydrochloric aéid, ylelds one principle
guanide compound,énd several other guanide compounds 1in minor
amounts as shown by the use of paper chromatography (4).

The Sakaguchl-positive substances were separated
from the other preducts of hydrolysis. The hydrolysate was
passed over a Zeo-rex column; urea 1s not absorbed and comes
off first. Ammonia (0.1N) was used teo begin development of
the amino acids on the column. L-Serine came off first. Teo

separate the guanido compounds from diamineproplonic acid,




Amberlite IR-400 ien exchange resin in the hydroxyl phase
was used. Water was used to elute the guanido compound.
The diamincopropionic acid was retained on the column and
was eluted with an ammonium carbonate solutien (4,5).

The Sakaguchi-positive aqueous eluates from the
IR-400 column were neutralized and dried in the frozen
state. The isolate had a specific rotation in water of
~75.3% and in 0.5N hydrochleric acid of -9.46°, It did
not give a positive Tollen's test. The 1isolate, with
Benedict-Behr reagents, gave neo coler. When heated under
acidic conditions strenuous enough te convert creatine to
creatinine, the isolate retained its reactivity with
Sakaguchi reagents and still did not give a color with
Benedict-Behr reagents, indicating that no cyclization
to give a creatinine type of linkage occurred (4).

Several attempts were made to isolate a pure guanido
compound. The lsolate was chromatographed on acld-washed
Solka-flec (cellulose) but no separation was obtained.
Chromatography on Amberlite XE-64 carboxylic cation exchange
resin in the hydrogen phase was tried but again no puri-
fication resulted. Amberlite XE-67 in the hydroxyl phase

was tried and some separation was ebtained. From 900 mg.




of material 260 mg. of material was 1solated in one major
fraction (4).

The flavinate and p-hydroxyazobenzene=p'-sulfonate
salts were prepared from the major fraction and submitted
for analysis. The molecular formula for the free base of

~the guanido compound was 1lndlcated to be C6H12N463 by
analysia of the E-hydrexyaZobenzeneng'-sulfenate salt énd
CgH1aNy0g by analysis of the flavianate salt. The optical
rofatien of the purlfied guanido compound in water was
-63° (k). |

The guanido compound was reported to have pKg
values of 1.5, 5.7 and 12.4 (4). Thé value of 1.5 can
probably be attributed to a carboxyl group. The 5.7 value
is probably due to a weakly basic amino group while the
guanido group 1s responsible for the pKy of 12.4. The
guanido compound absorbed ultraviolet light, showlng a
maximum at 216 mu, €, 220 (4).

It was found that the guanldo cqmp@und reduced
0.26 mole of periodate in 30 minutes and 1.05 moles in 6
hours at pH 8.4, indicating the probable absence of
vlicinal hydroxyl or amino groups (4).

The guanide compound was shown tq be a mixture, since

four spots were obtalned on two-dimensional papergrams (4).
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After hydrolysis of the guanido compound with hot
saturated barium hydroxide under reflux for three hours a
negative Sakaguchl test was obtained. Paper éhr@matograms
of this hydrolysate revealed three spots (4).

Guanido compounds less basic thanﬂthe major one
were reported, and attempts to isolate any of them in a

pure state were unsuccessful (4).
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ITI. EXPERIMENTAL
A. Apparatus and Techniques
1. TIon Exchange Resins

Ion exchange resins as recelved from the manufacturer
were prepared for use by treatment‘with 4§ hydrochloric acid
with occaslional stirring during an hour, followed by de~
cantation and washing of the resins with water on a large
funnel until the pH of the water effluent was 2.0. The
resins were then treated with 4N sodium hydroxide in the
same way, except that the pH of the water effluent was 6.0.
This process was repeated three times. The final washing of
the lon exchange resins with watér was carrieé out counter-
current;y in a ¢column. For resins to bhe used 1n the hydrogen
phase, the final pH of the water wash was 2.5 to 3.0; for
resins to be used in the hydroxyl phase, the final pH of the
water wash was 7.0 to 8.0.

The preparation of IR-400 lon exchange resin re-
quired a slightly different procedure 1in that the peried
of stirriné was abqut 12 hours and the reslns were stirred

continuously.
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The ion exchange resins were used in two ways: batch-
wise and 1n a ceolumn. When the lon exchange resins were used
batchwlse they were added to the solution in a flask and
swirled occasionally during twenty minutes. The progress
of the actlion of the lon exchange resins could be determined
by measurlng the pH of the solution with R-ﬂydrian paper.
When the ien exchangé resins were used in columns, the ien
exchange resins were added to columns of suitaﬁle diameter
so that the helght of the resins was as high as practical.
The amounts of resins used were approximately five times the
amount theoretically needed. The resins in the‘columns were
washed with two column volumes of water before the additien
of‘the sample. After applicatlon, the sample was washed

through the column by seversl column volumes of water.
2. Paper Chromatography

a. Apparatus.--The chromatography tanks used were 24 cm. in
diametér and 49 em. in height. The tanks were covered with

glass plates sealed by stopcock grease. The solvent systems
were added untll they were approximately 2 cm. iﬁ depth. An
all-glass atomizer was used for spraying the paper chromato-
grams with various reagents. Compressed alr was used 1n

spraying the papergrams. The paper used was Whatman No. 1.
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b. Solvent Systems.--A phenol-water solvent system was

prepared by mixing coloriess phenol and water in the’
proportion 4:1 by veolume. The t-butyl alcohol-acetic acid-
water solvent system was prepared by mixing t-butyl alcohol,
glacilal acetlc acld and water 1n ﬁhe proportions 2:1:1
respectively, by velume. The n-propyl alcohol-acetilc
acld-water solvent system was prepared by mixing n-propyl
alcohol, glacial acetic acid and water in the proportions
10:1:9 respectively, by volume. Throughout this thesis,
these solvent systems are referred to as PW, BAW and PAW,

respectively.

¢. Technlques.~-~Solutions of the substances were applied

to the péper by means of small capilllary tubes. The
diameters of the spplied spots were about 1.0 ecm. In
general, about 10-20 mecg. of a pure substance was applied
or about 40-100 meg. of a mixture of substances. After
the sample had been applied, the papergram was placed in
the chromatography tanks and the solvent was allowed teo
rise to within four cm. from the top of the papergram;
this generally requlred eight t¢ ten hours. The papergram
was then removed, allowed to dry, and sprayed with the

appropriate reagent.
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d. Spray Reagents.--The ninhydrin spray reagent (8,9) was

prepared by dissolving 0.2 per cent l,2,3~tr1ketohydrindene
hydrate in 50 per cent aqueous pyridine. When the paper-
grams were dry, they were sprayed with the reagent and
allowed to dry at room temperature for an hour and then
heated briefly over a hot plate. Positive results were
indicated by the appearance of a typlical purple spot,
although compounds of certaln structural types are kmown
to give red, brown, or yellow colors.

The Weber spray reagent (9) was prepared by mixing
equal volumes of 10 per cent sbdium hydroxide, 10 per cent
sodium nitroprusside, and 10 per cent potassium ferricyanide,
and diluting the mixture with three volumes of water., After
about twenty minutes the initial dark coler of the solution
changed to a pale yellow color and the solution was ready
for use. The reagent was unstable at room temperature.

Mono- and disubstituted guanidines gave orange to blue colors
with this reagent, while symmetrically trisubstituted
guanidines do not give a color (9). The colors were usually
unstable and faded rapidly.

A spray reagent for the detectlion of urea and ureido
compounds (9) was prepared by adding 2.0 g. of p-dimethyamino-

benzaldehyde to 100 ml. of 1.2N hydrochloric acid. The
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solution was prepared fresh each time 1t was used. (Urea
gave bright yellow spots against a white background. The
colors did not fade on drylng or standing.

An 1satin spray redgent (10) was prepared by dlssolv-
ing isatin (0.4 per cent) in butanol contalning four per
cent aeetie acld. Prollne gives a blue color with this
reagent. Amino acids glve a variety of colors, mostly

shades of blue, green and purple.
3. Qualitative Color Tests

For the Sakaguchl test (9), flve drops of a cold
0.1 per cent solution of &-naphthel in a 1N sodium hydroxlde
was added with shaking to a celd solution of the compound
to be tested (ca. 2 mg.). To this solution was added five
drops of a saturated solution eof bromine 1ln 1N sodlum
hydroxide. The test solutlons were kept cold for a half
hour to test the stabllity of the color. Monosubstltuted
guanidines gave a red color which was stéble after a half
hour in the cold.

The ninhydrin test was performed by adding two dréps
of the solution to be tested to 0.5 ml. of water and 0.5 ml.

of the ninhydrin reagent (0.2 per cent ninhydrin in
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50 per cent pyridine). The solution was heated on a steam
bath for up teo ten minutes and the purple color obtained

was compared with that of a blank.

For the Weber test a drop of the solution to be tested

was placed on Whatman No. 1 paper and the paper was sprayed
with the Weber spray reagent. .
For testing with Nessler's reagent (1l) one drop of
the solﬁticn to be tested was diluted with 0.5 ml., of water
and two drops of a solution of 1l.5 g. of mercuric lodide
and 8.0 g. of potassium iodide in 100 ml. of 3N sodium
hydroxide. An orange coleor was obtained in the presence
of ammonium ion, except in concentrated solutiens of ammon-
ium ions, in which case a brown precipltate was obtalned.
Chloride ions were detected by diluting one drop of
the solution to be tested with 0.5 ml. of water and adding
one drop of five per cent silver nitrate solutien. The

presence of chleoride ions was detected by the white precipi-

tate which formed immediately.
4. Carbon Chromatography

The carbon columns were prepared by mixing acid-

washed Celite 545 and pretreated (12) Darco G-60 in a ratie
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of 1:2 by welght. The Darco was_prepared by adding 3.0 g.
of oleic acid in 400 ml. of absolute alcohol to 100 g. of
Darco. The mixture was allewed to stand for an h@uf with
occasional swirling, and was then diluted with ca. 4000 ml1,
of distilled water. The Darco was allowed to settle and
the supernatent liquid was carefully decanted. This process
was repeated twice. Fifty grams of aciduwashéa Celite 545
was added, the mixture swirled, and b@ured into a column.
The Darco-Celite mixture was washed with ten column volumes

of distlilled water before use.
5. Cellulose Chromatography

Cellulose chromatography columns were prepared by
packing thin layers of dry acid-washed cellulose into the
tube by means @f“a_cork attached to the end of a thick glass
rod. The dry sample to be placed on the column was ground
in a mortar with ;ome cellulose. The sample-cellulese
mixture was applied on the column and two more portions of

cellulose were added to the mortar, ground and added to the

columm in the same wsy as before.
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6. Miscellaneous

All melting points were determined on the K8fler micro
hot stage. All optical rotations were determined with a
Bellingham and Stanley Itd. polarimeter. The D line of
sodium was used as the light source. All infrared spectra
were determined on the Perkin Elmer Model 137 receording
spectrophotometer as & mull in Nujol and in hexachlora-
butadiéne. The ultraviolet spectra were determined on either
the Beckman Model D. K. recording spectrophotometer or the
Beakman Model D. U. speetreph@tomeﬁer. The fraction
collector whigh was used in the course of all column
chromatographic separations was made by the Research

Specialties Co., Model 1205,
B. Isolation of the Guanido Compound
1. Viomyein Hydroechleride

A solutieon of 27.5 g. of Viomycin sulfate (Parke;
Davis Batch No. 212470 A, assumed meolecular weight, 835.8)
in ca. 70 ml. of water was treated batchwise with ca. 50 ml.
of Amberlite IR-45 (OH™) ion exchange resin. The pH rose

from 4.5 to 8.5. The supernatent liquid was then passed
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through an Amberlite IR-45 (Cl~) lon exchange resin column
contalning 340 ml. of resin. The column was washed with
1500 ml. of water, The effluent solution was concentrated
by distillatlion in vacuo to a volume of ca. 25 ml. To this
solution was added 360 ml. of redistilled acetene; an oil
formed. The liquld was decanted and 50 ml. of acetone was
added to the oll. A selld formed which was triturated well
and collected by filtration on a sintered glass funnel. The
Viemycln hydrochloride (assumed molecular welght, 798.2),

dried in vacuo overnight, welghed 27.65 g.
2. Hydrelysis of Viemycin Hydrochloride

A solution of 54.9 g. (68.9 mmoles) of Viemycin
hydrochloride in one llter of 6§ hydrochloric acld was
heated for 6 hrs. on a steam bath. The red solution was
concentrated to ca. 100 ml. by distilliatlon in vacuo and
treated batchwise with 500,:5_11. of Amberlite IR-45 (OH")
ion exchange resin. The PH of the resulting solutlon was
5.5. The supernatent liqﬁid was passed over an Amberlite
IR-45 (C1=) lon exchange resin ceolumn containing 1500 ml,
ef resin and washed through the column with 3000 ml. of

water. The effluent solutlon was evaperated te dryness
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in vacuo and redissolved in 100 ml. of water. The product
was subjected to paper chromatography; the results are seen

in Tables 1 and 2.

Table 1.

Re (BAW) Ninhydrin Weber ~ Urea
0.30 | purple red yellow

0.53-0.64 : red ——— ——
0.67 —-——— - yellow

Table 2.

Re. (PW)  _ Ninhydrin _Weber. Urea.. .
0.08 . —— red o
0.11 purple e yvellow
0.14 brownish red ——

0.20-0.38 purple — ———
0.69 - ——— yellow

3. Ion Exchange Separation of Viomycin Hydrolysate

The solution contalning the hydrolysis mixture was
passed over an Amberlite IR-400 (0OH™) ion exchange resin
column contalning 1200 ml. of resin. Urea and basic com-

pounds were eluted by washlng the column with 2500 ml. of
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water. The materials retalned by the ion exchange column
were eluted by washing the celumn with 1N hydrechloric acid
until the pH of the effluent dropped from 5.5 te 1.0. The
column was then washed with water until a negative ninhydrin
test was obtaired.

The water eluate was passed over an Amberlite IRC-50
(E') ion exchange resin column containing 250 ml. of resin,
Urea was washed through the column wilth 750 ml. of water.
This fraction was dlscarded. In a previeus separéti@n,
0.247 g. (4.1 mmoles) of urea was obtained from 5.0 g.
(6.26 mmoles)iof Viemycin hydrochleride in the same way.
Urea was shown to be the only substance present in this
fraction by paper chromatography.

The basic compounds retained by the Amberlite IRC-50

(H*

) lon exchange resin were eluted with 400 ml. of 1IN
hydrochloric acid followed by 250 ml. of water. The‘solum
tien containing the basic compounds was treated batchwise
with 500 ml. of Amberlite IR-45 (OH-) 1on exchange resin
and‘the supernatent solution was passed over an Amberlite
IR-45 (C1-) 1lon exchange resin column containing 250 ml. of

resin., The basic compounds were washed through this celumn

with 750 ml. of water. This guanido fractlon was reduced
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in volume by distillation in vacuo and lyopholized; 1t was a
found to weigh 8.0044 g. Papergram analysis of this fraction

is given in Table 3.

Table 3.

Rp (BAW) Ry (PW) Ninhydrin Weber Urea
0.31 purple pink yellow %
0.48 purple pink ——— |

0.05 - purple - m— ——— i
0.21 purple - ———

The solution contalning compounds eluted frem the
Amberlite IR-400 (OH=) ion exchange resin column with
hydrochloric acid was treated batchwise with 1500 ml. of
Amberlite IR=-45 (OH-) ion exchange resin. The supernatent
solution was then passed over a column containing 1500 ml.

of Amberlite IR-45 (Cl=) lon exchange resin. The compounds

were washed through the column with 3000 ml. of water. %
| Thls fractlon, centalning neutral and weakly basic amino
acids, was feduced in volume;by distillation in vacuo and
lyopholized; it was found te weigh 36.965 g. Papergranm
analysis of this fraction is given in Table 4.

The Rf values of the pure compounds known to be present

in Viemycin hydrolysate are given in Table 5.
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Table 4.

Re (BAW) Re (PW) Ninhydrin Weber ~ Urea
0.32 purple e -
0.45 purple - yellow
0.55 purple ——— -

0.11 purple —— yellow
0.33 purple S I
0.51 purple _— S
Table 5.
Compound Re (BAW) Re (PW) Rp (PAW)

The guanido compound 0.30 0.15 0.48

Urea 0.67 0.71 ——

L=g=-Lysine 0.53 0.33 - 0.52

L-2,3-Diaminopropiecnic acid 0.44 0.33 0.44

L-Serine ' 0.54 0.33 0.68

Two dimensional paper chrgmatograms were run on the
original acid hydrelysate of Viomycin hydrochloride. The

results obtained are given in Table 6.
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Table 6,

Re (BAW/pu) Ninhydrin Urea
0.20/0.05 grayish purple —ie
0.35/0.05 grayish purple —
0.37/0.11 brownish yellow
0.37/0.15 'pink , —
0.46/0.33 reddish purple yellow
0.46/0.50-0.76 brownish purple ———
0.39/0.83 brownish purple ———

0.61/0.71 - yellow

4, carbon Chromatography of the Guanido Fraction

The guanido fractions from two runs were comblned

(8.8815 g.) and dissolved in a small amount of water (ca.

20 m1,). This solutlon was pipetted onto a column 6.9 cm,
in diameter contalning ca. 1200 g. of 1:2 acld-washed Celilte
545:Darco G-60 pretreated wlth three per cent olelc éeid.
The packed absorbant was 90 em. high. The column was eluted
first with water (302 fractions of about 20 ml. each) and
then with 0.0lN hydrochloric acld containing twe permcent
acetone by volume (329 fractions of about 20 ml. each). The
fractions were tested with aqueous sllver nitrate, Neésler”s,
ninhydrin, and Weber reagents. The fractions were combined

into larger fractions én the basis of these color tests.
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Those combined fractions which were acidic were
treated batchwise with Amberlite IR-45 (OH-) lon exchange
resin untll the pH Increased to 5.5. The supernatent liquids
were passed over IR-45 (Cl-) columns. The columns were
eluted with two celumn volumes of water. All of the com-
bined fractions were evaporated 15_x§2Eg and ly@ph@lizéd.
Table 7 gives the welghts of the combined fractions, the
identification of the principle materials, and the optical

rotations of the fractilons.

Table 7.

Fractions Wt.of Material Principle Material [ ‘E;]%O

1-150 0.1247 ¢. column throw - -
151-162 - 0.6038 g. NH4C1 0.922 +10.87
163-168 1.2327 g. NHyC1 0.897 + 1.12
169-174 0.8273 g. NH;C1 0.963 + 2.09
175-191 0.4629 g. guanido cpd. 1.176 - 1.72
192-302 3.0358 g. guanido cpd. 1.085 -=51.92
303-452 0.5269 g. guanido cpd. 1.086 =23.13
453-503 0.1029. g. guanido cpd. 1.007 - 8.02
504-532 0.0494 g. guanido cpd. 0.696 -10.20
533-543 0.0628 g. - 1.000 + 1.00
544-555 0.2849 g. - 1.030 ===
556=-572 0.1332 g. ——— 1.085 =18.24
573=-597 0.1792 g. - 1.064 < 1.90
598-631 0.0900 g. - 0.747 -11.18
7.7165 Total
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In another run, from 53.0 g. of Viomycin sulfate
and Viomyein hydrochloride (1:1) was obtalned 16.273 g. of
a guanido fraction by the previous hydrolysis and ien
exchange resin separation scheme. Paper chromatography
revealed that this guanido fraction was a mixture of
compounds with Ry values 0.30, 0.26 and 0.17 (BAW). The
filtrates from crystallizations of the previous guanido
fraction &nd the fractions from the acid eluate of the
first column were combined with this guanido fraction
(19.28 g. total) and subjected to carbon chromatography.
From the major guanido fractien (8.435 g.) however, only
3.223 g. of crystalline guanlde compound could be ob=-
tained. The filtrates from the crystallizations of the
guanldo compound showed ninhydrin-positive spots at Re
0.18, 0.34, 0.58, and 0.86 (BAW); 0.40, 0.51, and 0.65
(PAW); 0.15, 0.18-0.36, 0.38-0.52, and 0.52-0.88 (PW).

All of the spots gave positlive Weber tests.
5. Crystallization of the Guanldo Compound

To a solutien of 298.6 mg. of fraction 192-302
dlssolved 1In one milliliter of water was added 1.1 ml.

of redistilled absolute ethanol; the compound crystallized
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immediately; 0.9 ml. of water was added and the resulting
solution was centrifuged. The supernatent liquld was
pipetted inte a 15 ml. centrifuge tube. The residue was
washed with one milliliter of 50 per cent ethaneol and
centrifuged. The washing was pipetted in with the original
supernatent liquid. To the solution was added 3.3 ml. of
absolute ethanol with warming. The compound crystallized
rapidly. After cooling, the solid was collected on a

small Hirsch funnel and air dried. The crystalline material
weighed 0.1428 g.

The remalnder of fraction 192-302 was treated in a
similar way, yilelding 1.0634 g. of crystalline material.
The filtrates from the two crystallizatioﬁs were comblned
and treated in the same manner ylelding an additional
0.5502 g. of material.

The three crystalline fractions (1.7564 g.) were
combined and dissélved in 7 ml. of water at 60° in a 40 ml.
centrifuge tube. The solution was centrifuged and the
supernatent liquid was pipetted into another 40 ml. centri-
fuge tube. To this tube was added 11 ml. of redistilled
absolute ethanol; the material crystallized immediately.

The crystalline material was collected on a Hirsch funnel,
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washed with redistilled abseolute ethénol and alr dried. It
was found to weigh 1.6425 g. This material was recrystal-
lized in the same way, yielding 1.3240 g. This was dissolved
in 4.5 ml. of water at 65° and centrifuged. The supernatent
liquid was pipetted into another 40 ml., centrifuge tube

and 2.0 ml. of centrifuged, redistilled, absolute ethanol

was added. The ethanol was added at 65° and the solutien
was allowed to cool slowly. The crystalline material

was collected on a Hirsch funnel and air dried. It was

found to weigh 0.4989 g. (Crop I).

Tg the filtrate was added 20 ml. of absolute ethanol
at 60°, This was allowed to cool -te room temperature and
was then placed in the refrigerator overnight. The
crystalline material was collected by filtration, washed
with absolute ethén@l, and alr dried, ylelding 0.4479 g.
of material (Crop II).

All of thé previous fliltrates and washings were com-
Eined and reduced in volume to about five milliliters.

The material was crystallized by the addition of warm
ethanol, rfollowed by cooling. The crystalline material
was cqllectedlby filltration, washed with ethanel, and air

dried, ylelding 0.5424 g. of material (Crop III).
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The analytical sample (Crop I), on heating showed
gradual decomposition, mainly between 200° and 208°.

Papergrams of the analytical sample (Crop I) of
the guanido compound showed only one spot for each of the

solvent systems with Ry values 0.30 (BAW), 0.15 (PW) and

0.48 (PAW).
Analysis™: calc'd.: C, 35.00;H, 5.36;0, 15.48;N,
©27.65;C1, 17.18;Amino-N, 6.91
CoHy 02Ny . HC1 (for one group);C-methyl, 7.28
(206.64) (for one group)

Found: c, 35.16;H, 5.20;0, 14.20;N,
27.59;C1, 18.24;amino~-N, 0.15;
C-methyl, 1.67

C. Properties of the Guanido Compound
1. Physical Constants

a. Optical Rotations.--The optlcal rotation of the guanide

compound (Crop I) was determined in various solvents. The

results are given in Table 8.

*Cnmethyl analysis by Weiler-=Strauss; all others by '
Huffman Microanalytical Laboratories.
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Table 8.
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Solvent | c N [;KJD

2N hydrochloric acid 2.280 - 21,22
0.1N hydrechloric acid 1.840 = 46.20
water (pH 3.5) 1.780 - 77.77
0.1N sedium hydroxide 2,100 ~-135.03
0.2N sodium hydroxide 2.165 =145.10
1.0N sodium hydroxide 2.230 ~155 .76
1.0N sodium hydroxide (after 4 hrs.) 2.230 =153.60
1.0N sodium hydroxide (after 21 hrs.) 2.230 =141.98

b. Potentiometric Titration Data.--Potentiometrlie titration

data (13) indicate pK, values of 2.8, 5.87, and 13.4 in
66 per cent dimethylformamide and 5.50 and 12.6 in water

for the guanide compound.

¢. Ultravielet Spectra.--The ultravielet spectrum of the

guanldo compound was determined in aqueous selutiens over
 a wide PH range. 1In aeid or neutral selutions, only end
absorption was observed. However, 1in aikaline solutien,

a peak appeared at 226 mu having an extinctlion coefficilent
of 3140. The ultravieolet spectfa obtained are shown in

Figure 1.

d. Nuclear Magnetlec Resonance Data.--The nuclear magnetic

resonance spectrum of the guanido compound (14) revealed
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three types of protons in déuterium oxide in the ratio
2:2:1. ' Two protons appeared at +90 c¢.p.s., twoe at +7 e¢.p.s.
and one at =29 c¢.p.s. All of the values given are relative
to water as zero at 40 ¢.p.s. The absorption at -29 e.p.s.
was split into at least a tfiplet and possibly a quadruplet,
the absorption at *7 c.p.s. was q%early a singlet, and‘thé
absefpticn at Y90 c.p.s. was split inte a triplet. The

nuclear magnetic resonance spectrum is given as Filgure 3.
2. Color Tests

The guanido compound énd some knewn'comp@unds were
tested with the Weber reagent. The guanide compound,
arginine, creatine, glycocyamine, and 1l,l-dimethylguanidine
sulfate all gave pink colors, while with aminoguanidine
sulfate and 1,3-diphenylguanidine purple colors were obtained.

With the Sakaguchil reagent the guanido compound,
arginine, and guanidoacetic acid gave red colers which
were stable after standing for 30 minutes, while amino-
guanidine sulfate, and creatine gave orange colors which
were stable for at least 30 minutes. Creatinine and 1,1-
dimethylguanidine sulfate gave light purple colors which

faded 1n several minutes to a faint orange color.
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1,3-Diphenylguanidine and 1,2,3-triphenylguanidine sul-
fate gave purple colors with a precipitate. The color
produced with 1,2,3~triphenyl§ganidine-sulfa%e faded
rapldly. h

The pine splinter test was run by heating a small
amount 6f the compound (ca. 3-5 mg.) and aboﬁt 20 mg. of
zinec dust in a ﬁest tubé and allowing the vapors to come
in contact with a pine splinter which had been scaked for
30 minutes in concentrated hydrochloric acid and allowed to
dry in air for 30 minutes. The guanido compound, pr@liﬁe,
.-arginine, ornithine, lysine, hydroxyproline, citrulline,
and 2,4-dlaminobutyric acid turned the splinter red.
Guanidine hydrochloride, guanine, pyrrolidine, 2-
aminopyrimldine, and canavanine bleached the splinter
from brown te white.

The guanido compound gave a negative test with a

one per cent ferric chloride reagent.
3. Baslec Hydrolysis

a. Sodium Hydroxlde.--A stalnless steel test tube was

fitted with a three-holed rubber stopper, into which was

inserted glass tubes. To one tube was connected a funnel,
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through which the base was added. Nitrogen which had been
bubbled through conecentrated sulfurlec acid was admitted
through one tube to force any volatlle base formed out

the other tube through a Kjeldahl bulb into a solutien of
three grams of boric acid in 75 ml. of water. The sSolution
was back titrated with 0.0393E hydrOthefie acld to a
screened methyl red end point. The lndicator was pre-
pared by dlssolving 0.25 g. of methyl red in 100 ml, of
ethanol and mixing with a solution of 0,186 g. of methylene
blue in 100 ml. of ethanol.

The guanido compound and some known compounds were
hydrolyzed with seodium hydroxide at 160° (sand bath). To
37.5 mg. (0.181 mmole) of the guanido compound, 52.4 mg.
(0.213 mmole) of aminoguanidine sulfate, 40.0 mg. (0.190
mmole) of arginine hydrochloride, and 18.6 mg. (0.195 mmole)
of guanidine hydrochloride were added 12 ml. of aqueous
sodlum hydroxide solution (saturated at room temperature).

The results are given in Table 9.

b. Barium Hydroxide.--<To a solution of 36.8 mg. of guanido

compound in a 5 ml. pear-shaped flask was added 228.9 mg.

of barium hydroxide octahydrate. The solution was heated
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Moles of volatile base per mole of compound

Time

Hours (Guanido Cpd. Amlnoguanlidine Arginine Guanidine
0:15 -—- -—- 0.145 0.121 -
0:30 0.315 ——— 0.466 0.101
0:45 --- - - 1.491
1:00 0.623 - 0.869 ——
1:30 —-——— 0.194 —— ——
2:00 0.864 0.416 1.128 2.037
2:30 ——— 0.879 —— ———
3:00 1.118 - - ———
3:15 - 1.521 —— 2.363
4:15 — 1.980 S ———
4:30 —- e 1.397 —-

- 5:15 1.280 2.100 ——— ———
6:30 - 2.220 ——- ——
7:00 1.367 —— - 2,616
8:00 —— — 1.635 -

9 : 00 l. 486 e —m - prapsape
9:30 - 2.530 ——— ——

11:30 —— ——— 1.801 —

18:00 ——— - e 2.909

20:00 1.736 — ——— ———

21:45 —— 2.825 ——— ———

22:00 - - 2,070 .

31:30. 1.823 —— ——— -

31:45 -— 2.877 S ———

- 43:30 1.953 —— — —

46:00 - 2.914% —— ———

46:30 —¥ - ——— ——

47:00 ——— 3.176 ——— ——

4745 -—— 3.330 2.287 ———

49:30 2,387 — — ———

50:00 —— 3.526 - ——

51:)45 2.966 o o o 20 P,

53:30 3.439 —— -—— ———

55:30 3.613 3.824 -—— ———

57:30 3.689 - 2.349 -

67:00 3.748 3.824 - ———

raised to 3109,

*At this point the temperature of the sand

bath was
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on a steam bath for 24 hours. Alilquots (0.4 ml.) were
taken at the end of 1, 2, 3, 4, 6, 12, and 24 hours. Each
aliquot was treated with sulfuric acid and centrifuged.
Each supernatent liquid was treated batchwise with IR=45
(0H") 1on exchange resin and then passed over an IR-45
(C1™) ion exchange resin column. Each aliquot was evapor-

ated to drynéSs by distillation in vacuo and redissolved

in 0.3 ml. of water. Papergrams revealed only one ninhydrin-

positive spot (0.31 (BAW), 0.48 (PAW)) for each of the
aliquots. All of the aliquots gave positive ninhydrin

tests and yellow colors with the urea spray. Aliquots 1-6

gave a positive Weber test and aliquot 7 was negative. With

the Sakaguchl reagent positive tests were obtained for
aliquots 1-6 but aliquots 4-6 were faint and aliquot 7
gave a negatlve test.

Barium hydroxide hydrolyslis was carried out on
arginine and the guanido compound in an apparatus similar
to that used 1n the sodlum hydroxide hydreolyses. A two-~
necked flask and an addition funnel were used instead of
the stainless steel test tube and funnel. A Kjeldahl bulb
was not used.

To 38.7 mg. (0.22 mmoles) of arginine hydrechloride

(colum ¢ of Table 10) and to 38.0 mg. (0.184 mmoles)
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(column a of Table 10) and 120.9 mg. (0.585 mmeoles) (column
b of Table 10) of the guanlido compound was added h;3 ml,
(12,9 ml, for the 0.585 mmoles sample of guanido compound)
of saturated aqueous barium hydroxlide selution. The
hydrolysis was carried out on a steam bath. The amount of
volatile base formed was determined in the same way as for
the sodlum hydroxide hydrolysils.

In run b of the guanido compound the amount of carbon
dioxide liberated was determined by acldifying the reacticen
mixture and collectlng the liberated carbon dioxiderin a
solutlion of barilum hydroxlde. The drled preeipitéte welghed
51.5 mg. (0.261 mmoles).

All of the barium hydroxide hydrolysates (142.4 mg.)
were combined and subjected fo lon exchange resiﬁ separation.
The comblned hydreolysate was passed over a‘D@wex~2 (0H") ion
exchange resin column. The basic compounds"were eluted with
water, and passed directly over an IR-45 (C1”) column which

was eluted with water. The Dowex-2 (OH™) column was then

eluted wlth 1N hydrochlorle acid. Thls solutlon was immedlate-

ly treated with Dowex~1l (HCO%) lon exchange resin batchwise,
The pH rose to 4.5. The Dowex~-1 (HCOE) ion exchange resin

was eluted with water on a funnel, This solutien contained
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Table 10.

Moles of volatile base per mole of compound

Time Guanido Cpd. Guanido Cpd. Arginine
Hours a b e
2:00 0.18 ——— | 0.22
2:45 ——= 0.121 ———
4:00 0.53 -—- : -
5:30 ——— 0.319 ——
6:00 0.90 ——— —
8:00 1.13 - ——
9:00 -—- i 0.85
10:00 1.53 - ——
17:00 —— 1.67 ———
18:00 -— 1.73 ——
19:00 -—- -— 1.34
21:00 1.94 - ———
22:30 - 1.97 ———
23:00 - -— 1.45
24:00 2.08 _— —
25:00 -—- 2.07 ——-
27:00 2.20 ——— 1.53
29:30 ——— 2.18 ———
31:00 2.32 ——— —
36:00 2.47 _— —
41:30 - 2.38 ===
42:00 —— - 1.616
45:00 ——— 2.47 -
48 : 00 2.58 B = e Ll
50:00 e 2.53 ——-
65:30 - 2.67 ——
77:00 2.75 ——— -—

neutral compounds. The acidic compounds were eluted from
the Dowex-1 (HCO§) resin wilth 1N hydrochloric acid. The
neutral compounds were passed over an IR-45 (C17) 1on

exchange resin column. The column was eluted with water,
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The three fractions were evaporated to dryness by distillation
in vacuo; the following welghts were obtalned: basic
fractlon 109.6 mg., aclidic fraction 41.9 mg., and the
neutral fraction 84.4 mg. Papergrams were run on these
fractions. The aeidlc fractien did not give a color with
ninhydrin; it was fused and found to be ineorganic. fwa
dimensional papergrams (ninhydrin) were run on the neutral
(5 spots) and basic (2 spots) fractions; no Weber-poesitive
spots were obtalned. The Ry values obtained were (BAW/p,yu)
0.28/0.65, 0.32/0.55, 0.46, 0.59 /0 75, ana 0.63/0.72
for the neutral fraction and 0-67-0.38/4 13 4 g and
0.5%/5 7y for the basic fraction. The Ry values for
glycine, §-alanine, and &~alanine were 0-46/0_60, 0-56/0.70

and 0'60/0.58 respectively.
4, Acid Hydrolysis

Various amounts of the guanido compound were hydrolysed
wlith 12§ hydrochloric acid in a sealed tube in a steam bath
for varying amounts of time: 10.5 mg. for 6 days, 4.5 mg.
for U4 days, 4.0 mg. for 2 days, and 4.1 mg. for 1 day. Each

of the reactlon mixtures was evaperated to dryness by dis-

tillation 1n vacuo and treated batchwlise with IR=-45 (OH™)
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ion exchange resin followed by treatment with IR-45 (C17)

ion exchange resin in a c¢olumn,

with water.

The results are given 1in Table 11.

ninhydrin positive; the Weber positive spots are denoted

The reslins were washed

Papergrams were run on the hydrolysis mixtures.

All of the spots were

by (W*). The Weber spray was not used with the PW solvent
system,
Table. 11.
1 day ‘2 day 4 day | 6 day
Re (BAW)  0.26 (W*) 0.1k 0.26 (W) 0.1
0.44 0.25 (w") 0.4l 0.29 (W)
0.52 0.42
Rp (PW) 0.06 0.06 0.04 0.07
0.10 0.10 0.07 0.10
0.17 0.14-0.40 0.10 0.14
0.30 0.43 0.16 0.19
0.27 0.26
0.36
Re (PAW) 0.51 (w%) 0.53 (wt) 0.50 (w*) 0.54 (wt)
0.63 0.60 0.60 0.62

To a mixture of 97.0 mg. (0.47 mmeles) of the guanido

compound and 20 ml. of absolute methanel was added one drop

of econcentrated sulfurie acid.

means of a magnetic stirrer for two days.

The solutlion was stirred by

A white insoluble
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solid was separated by filtration and alr dried. The seolid
welghed 46.2 mg. Papergrams of the solid indicated that 1t
was not the starting material: Ry 0.14 (BAW), 0.10 with a
head streaked to 0.78 (PW, 0.40 (PAW). The infrared spectra
of the solid in Nujol and in hexachleorobutadiene mull showed
absorption maxima at 3.22u (shoulder at 3;0§u), 5.8§a, 5.9Tu

6.3§a, 7'72‘“ 8,0%;6 8.59/@ and 12.59/%
D. Preparation and Properties of the Dihydroguanido Compound
1. Preparation of the Dihydroguanide Compound

The guanido compound (200.6 mg., 0.971 mmoles) was
hydrogenated in an acidic medium (80 ml. of 50 per cent acetic
acid) at atmospheric pressure and room temperature, using
ten per cent platinum on carbon (810.6 mg.) as the catalyst.

The guanido compound took up 21.0 ml. (0.94 mmoles) of

hydrogen in 166 hours. The catdalyst was removed by filtratien.

The filtrate was concentrated by distillation in vacuo and
treated batchwise with IR-45 (OH-) ion exchange resin. The
PH rose to 5.5. The supernatent liquld was passed over an
IR-45 (C1l~) ien exchange resin column containing 30 ml. of

resin. The column was washed with 100 ml. of water.
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The eluate waé evaporated to dryness by distillation in vacuo.
After drying in vacuo over calcium chloride, the dihydro
compound weighed 0.2347 g. Papergrams of the dihydro com-
pound showed two ninhydrin- and Weber-positive spots: 0.34
and 0.52 (BAW), 0.57 and 0.72 (PAW).

An amount of 1.4872 g. (7.22 mmoles) of the guanide
compound was hydrogenated as ébove, using 6.028 g. of 5 per
cent platinum on carbon and 50 ml. of 50 per cent acetie
acld. The reaction mixture took up 172.2 ml. of hydrogen
(8.0 mmoles) in 28 hrs. The hydrogenation preduct was
worked up 1in a similar way as the previous hydrogenation

product. The amount of hydrogenatlon product obtained was

1.755 &.

2. Purification of the Dihydroguanido Compeund

The dlhydro cempound from hydrogenatidn of 200.6 mg.
of the guanido compound was applied to Whatman No. 17
chromatography paper (11.9 em. x 40 cm. 50 mg. per strip).
These strips were hung from glass rods with Nichrome wiré.
The bottoms of the strips rested on the bottom of the
chromatography tank, so that the solvent s&steﬁ used, BAW,

extended about two centimeters up the strips. The solvent
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front was allowed to rise to within twe centimeters of thg
tops of the strips (20 hrs.). The positions of the two spots
were determined by spréyingvthin slices (0.5 cm. wide) with
the ninhydrin spray reagent. The spots were cut out énd
eluted with water. The two fractioné were evapeorated to

dryness in vacuo, and then dried over calecium chloride in’

vacuo. The fraction with the leower Ryp ('%ott@m“ dihydro)

welghed 15&.3 mg. and the fraction_with-the higher Re
("top" dihydro) weighed 62.3 mg. Papergrams of the fractions
showed spots with Ry values 0.30 in BAW for the "bottom"
dihydro and 0.30 and 0.43 in BAW formthe "top " dihydro.

The hydrogenation product obtained from 1.4872 g.
of the guanido compound was applled to a cellulose column
containing 150 g. ef cellulecse as described in section A.

The column was eluted under nitrogen pressure with the BAW

80lvent system. Fractions of about 10 ml. volume were

collected and tested with the ninhydrin reagent. Positive
tests were obtained for fractions 15-60, fractions 31-56
giving the strongest tests. Papergrams revealed one spot

for each fraction at R, 0.29-0.65 (BAW): 0.48 (PAW) and
0.30-0.78 (PW). Fractions 31-56 were combined é.ndj‘evapora,ted

to dryness by distillation in vacuo. The material was then
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treated with iR-45 (0H~) 1on exchange resin batchwise. The
supernatent liguld was passed over an IR-45 (Cl-) column
containing 40 ml. of resin. The column was ﬁashéd wlith

100 ml. of water; the resultant solution was evaporated te
dryness, then redissolved in two milliliters of water. The
solution was‘pipetteé onto a carbon column contalning ca.
100 g. of the pretreated Darco-acld washed Cellite milxture,
The column was eluted wlth water under nitrogen pressure.
Fractlons containing ca. 10 ml. were collected automatically;
The fractlons were tested with aqueous silver nitrate,
ninhydrin and the Weber reagent. Papergrams revealed one
ninhydrin~ and Weber-positive spot with Ry values: 0.32-
0.57 (BAW), 0.52 (PAW) and 0.26-0.82 (PW). Fractions 23,
24,25,26;28, and 29 were combined and fractions 22,30,31,
32,33, and 34 were combined, while fraction 27 was kept
separate. The comblned fractions were concentrated by
distillation in vacue and lyppholized. The major ffaction
(23-26,28-29) weilghed 1.006 g., fractions 22,30-34 weighed

0.738 g., and fraction 27 welghed 0.227 g.
3. Barilum Hydroxide Hydrolysis

To 4.4 mg. of the "pottom" dihydre compound and 2.9 mg.

of the "top" dihydro compound, separated by thick paper
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chromatography were added 0.60 ml. and 0.35 ml. of saturated
agueous barium hydroxide respectively in five milliliter
pear;shaped flasks. The materials were heated on a steam
bath for 54 hrs. At the end of that time they were worked
up in & manner similar to that described for barium hydroxide
hydrolyses products from the guanide compound. Papergrams
were run on the hydrolysls products and the results are

given in Table 12.

Table 12.

| o Re (BAW) Re (PAW) Re (PW)

| "yottom" dlhydro 0.15 w 0.53 wt 0.12
0.22 0.22-0.48 W'
0.25 wt
0.28 w'
0.62

"top" dihydre 0.14 wt 0.00-0.55 0.10

0.22 0.22-0.44
0.25 w'
0.28 wt
0.42

The rest of the "bottom" dihydro (149.9 mg.) was
dissolved in water and to this solution in a pear-shaped
two-necked flask on a stéam bath was added 16.94 ml. of

saturated barium hydroxide solution. The amount of volatile
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base formed was collected and determined in the same way as
in the base hydrolyses of the guanido compound. The results

are shown in Table 13.

Table 13.

Time hours " moles of valat;le base/mole of dlhydro cpd.
0 0
3:00 0.57
T7:30 0.91

21:00 1.40
25:00 1.53
27:45. 1.62
33:45 1.68
45:00 1.74
T1:00 1.87

The "bottem" dihydro hydrolysis mixture was worked up
in a simllar manner as before. Papergrams were run on the
reaction product. Ninhydrin-posltive spots weré obtained with
Re values: 0.20 and 0.38 (BAW), 0.46 and 0.54 (PAW), 0.12

and 0.20 (PW). Both spots were Weber-negative.

4, Crystallization and Propertles of the Dihydroguanide Com~-

pound

The main fraction from chromatography, 1.006 g., was

erystallized from 22.6 ml. of 81 per cent ethanol, yielding
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0.2293 g. of erystalline material. The flltrate was con=-
centrated to two milliliters and ethanol was added. From

12 ml. of 81 per cent ethanol was obtained an additional
0.0744 g. of crystalline material. The two crops of
crystalline material were comblned and recrystallized from

42 ml. of 85 per cent ethanol ylelding 187 mg. of crystal-
line materlal. The materlal was recrystallized from 19 ml.
of 81 per cent ethanol, yielding 120.3 mg. of crystalline
compound. Attempts to obtaln additlonal crystalline materilal
from the filtrates ylelded only a green oii.

Papergrams were run on the crystalllne materlal and
on the filtrates. The crystaliine material showed ninhydrin-
and Weber-positive spots with Rp values: 0.34 (BAW), 0.54
(PAW), 0.18 (PW). The filtrates showed ninhydrin->and Weber-
positive spots wlth Rp values 0.36, 0.40-0.62, and 0.80 (BAW),

0.58, 0.68 and 0.75 (PAW),and 0.18, 0.38, and 0.45-0.92 (PW).

Analysis: ‘

CgH1002Ny4.HC1 Cale'd.: C, 35.00;H, 5.36;N, 27.65;C1, 17.18
(206.64)

CgH 20§N2.H01 Cale'd.: C, 34,50;H, 6.27;N, 26.89;C¢1, 17.03
%20 .66)
Found: C, 35,07;H, 5.31;N, 27.49:01, 16.97

The optical rotation of the dilhydro compound was de-

termined. The specific rotatlons obtalned were -83.18©
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(¢,1.6830, in water) and -29.42° (¢,0.9516, in 1.9N hydro-

chloric acid).

E. Preparation of 4-~Aminopyrrolidine~2-carboxylic Acid

Hydrochleride (Aminoproline Hydrochloride)

Hydrogenation of M-Hitrepyrraleuzucarboxyiic aciﬁ (15)
(2.987 g., 18.49 mmoles) was carrled out at atmospheric
pressure and roem temperaturg, using a rhodium catalyst
(2.03 g. of five per cent rhodium on alumina) in acildie
medium (75 ml. of 62.5 per cent acetic aecid). The hydrogen
uptake was 88.2 mmoles in ﬂ2‘hrs. The theoretical require-
ment was 92.45 mmoles of hydrogen. The catalyst was removed
by filtration. The filtrate was treated batchwise with |
IR-45 (OH-) lon exchange resin. The pH of the solutien
rose to 5.5. The gupernatent llquid was passed over an
IR-45 (Cl1~) column containing 100 ml. of resin. The column
was washed with 200 ml. of water, The selutlon was evapor-
ated to dryness by distillation ig Yacuo. Papergrams
were run and three ninhydrihnpositive spots were observed
with Rp values (BAW) 0.28 (yellow), 0.36 (brownish) and
0.60 (light purple); (PAW) 0.58 (tan), 0.67 (pink) and 0.73
(orange); (PW) 0.12-0.27 (brown) and 0.27_0.45 (pﬁrﬁle). The

p-hydroxyazobenzene-p '-sulfonic acld salt was prepared from
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one-half of the material and was recrystallized from hot
water. After three recrystallizations 1.341 g. of the
crystalline salt was obtained. The hydrochloride was
prepared by treating the crystalline p-hydroxyazobenzene-
p'-sulfonate salt batchwlise with Amberlite IR-45 (OH;)

ion exchénge resin and then passing the supernatent S@Iution
over IR-45 (Cl-) in a column. The hydrochloride weighed
0.399 g. after drying in Yyacuo. The aminoproline
hydrochleride was crystallized from 65 per cent ethanol.
Affer three crystallizétions'0.116 g. of crystalline material
(mp. 227-2289) was obtained. The Rp values (ninhydrin) for
the pure amineproline hydrochloride were (BAW) 0.26 (yellow-
ish); (PAW) 0.55 (yellow); (PW) 0.10 (yellew): The | "

infrared spectra are given in Figure 4.

Analysis: Calec'd.: C, 36.01;H, 6.65;N, 16.83;C1, 21.30

C=Hq A0,N,.HC1 | Found: C, 35.91;H, 6.74;N, 15.66, 16.01;Cl,
> 1966 .82) 21.69
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III. DISCUSSION OF RESULTS

The guanido compound has the empirical formula
CgH1002N4.HC1 as revealed by elementary analysis. Van Slyke
amino nitrogen determination and Kuhn-Roth oxidation of the
guanido compound showed no primary amine groups and ne C-
meth&l groups. The guanldo compound was a single compound
since only one spot was observed on papergrams for each _

solvent system used. : N s

— B
3

The guanlido compound gave a purple coleor wﬁiﬁ#ﬁﬁé" noe

with o(-amino acids. An examination of the literature (8,9)

sy

reveals that abnormal celers are frequently @bt&iﬁ%d?with

certaln kinds of amino acids. The normal requirement feor

the . production of color with the ninhydrin reagenﬁ?appears

simply to be a relatively basic N-H. Tertiary ameés do

not ordinarily give color. Secondary amines (f@r’gx

3

proline, hydroxyproline, aminoproline, pyrreolidine]

}émple )

idine, and N-methylglycine) ordinarily give yello
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It is difficult to attach a particular structural signifi-
cance to the ninhydrin color given by the guanide coempound.

The pink color obtained for the guanido compound
with the Weber reagent probably indicates a monosubstituted
or N,N-disubstituted guanido group. Pink colors are ob-
talned only with monosubstituted or N,N-disubstituted
guanidines (8,9). N,N'-Disubstituted guanidines give colors
ranging from blue to purple. The guanido compound gives
a relatively stable pink color with the Sakaguchl reagent.
Pink or orange colers are obtalned with mono- and some
N,N-disubstituted guanidines, but negative tests are ob-
tained with most N,N-disubstituted-, N,N'mdisubstituted;
and trisubstituted guanidines (8,9. Since the guanide
compound 1s stable in strong bése for short perieds of
time, the pink color obtalned indicates that the guanido
compound probably contains a mono- or N,N-disubstituted
guanidine.

The guanido compound did not gilve any celor with
aqueous or ammonliacal ferrie chloride solution, indicating
the probable absence of an enolic grouping.

The pK, values (13) of 2.8, 5.87 and 13.4 in 66 per
cent dimethylformamide and of 5.50 and 12.6 in water are

indicative of the presence of a carboxyl group, or other
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strongly acidic group, a strongly deactivated amino group,
and a guanido group.

The optical activity of the guanido compound showed
a marked dependence upon the EH of the medium. By addition
of appropriate amounts of aclid or base, the qptical activity
of the compound in a particular ceondition of ionization
could be measgred. Assuming the given 1oﬁizable groups,
the optical rotations of the different lonic species are

given in Table 14.

I Table 14.
ionic species : [bi]D
Ly s ' 1 °
-COOH, -N-H, NHp-C-N\ -21
! +NH2
l- .
-C03, —II\ItH, NHQ;Q-N( -780
| NHp
: l ,
| -C03, =N- , NHp-C-N{ -1359°
NH,
| | d
| =003, =-N- , NHp-C-N{ -1550°
NH

It 1s seen that there 1s a large difference in the

optical rotations for the change from the carbexyl group to

the carboxylate anlon, and also from the ammonium ilon teo
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the amine, while there is only a small difference for the
change from the guanidinium ion to the guanido group. It is
possible that some stereochemical significance can be
attached to these data, butlthé only conclusion made at

this time 1is that the guanido compound has at least one
asymmetric carbon atom.

The ultraviolet absorption spectrum of the guanido
compound in acid or neutrél solution essentlially shows only
high end absorptlon. In alkdline solution, maximum
absorption is observed at 226 my with a molar extinction
of 3,140. From this bathochromic shift in the ultra-
violet spectrum, which changgs markedly as the pH of the
solutions progresses through the pK, value fbr the guanido
group, 1t would sppear that the guanido group 1s inveolved
in the chromophore. These ultraviolet spectra are given
in Figure 1. |

The differential ultraviolet spectrum of the guanido
compound has been examined (13)1 In this determination,
the compound, in solution of a certain pH value, 1s placed
in the sample cell, and the compound, at the same concen-
tration, in solution of a different pH value 1s placed\in

the solvent cell., After subtraction of the appropriate
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blank spectrum, the resulting differential spectrum is that
which 18 due to the change in an lonizable group because of
the differeﬁt pH values uséd. For example, 1f a group haé a
PKg, value of 5, the differential spectrum using solutions
of pH 3 and 7 would be due to the difference in the lonized
group and the free group.

When the differential ultraviolet spectrum of the
guanido compound was determined using pH 9.80 for the
sample cell and pH 3.82 for the solvent'cell, it was found
that the weakly basic group exhibited Amax., 212 my, & 2,530.
In & determ;natien using pH 13.1 for the sample cell and
PH 9 for the solvent cell, it was found that the guanido
group exhibited Amax., 222 my, é 1,690. The absorption
due to the weakly basic amino group appears to be typilcal
of tertiary amines (N-methylpyrrolidine, Amax‘ 214’@ﬂ,
€, 2,300, N-methylpiperdiene Amax., 213 mu €, “1;600,
1~azabicyc1@[3.3.0]decane, Amax., 215 ‘myu, €, 3,100). Primary
and secondary amines are tr&nsparent when subjected to
thls kind of determination. It 1s difficult to rec@néile
the presence of a tertlary amino group present 1in the
guanlido compound because of the pK, values for Viemycln

1tself. If the guanldo compound 1s present per se, Viomycin
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should show a weakly basic group as in the guanide com-
pound, This is not the case.

Arginine shows no differential ultraviolet absorption
spectrum using pH values of io versus 4, or 13 versus 10.
The total ultraviolet spectrum of arginine shows only weak
end absorption at any pH value. This would again seem to
implicate the guanldo group in the guanido compound in
some chromophorlc system.

The infrared Absorptien spectrum (Figure 2) of
the guanido compound, as determlned in nujol and hexau
chlercbutadliene mulls shows absorpticn maxima aé 2.9§u,
3.184, 3.50u 3.8%4, 5.91u 6.06u, 6.204 '6.33u 6.504
6.8%u, 710w, 7.3Tw> T.48u, 7.844, 8.1Qu, 8.70u, 11.164,
and 12.324. The peaks at 2.9§a and 3.%§a appear te be
guanlidine N-H stretching vibrations. Ordinary amino acids
and alcohols do not gxhibit sharp absorption bands 1n this
reglon, but all guanidine derivatives containing N-H show
absorption;bands in‘this region. The absorpti@p at 3.59«
is due to C-H stretching vibrations.

The reglon 5.9« to 6.;« contains five relatively
strong peaks. In thls region, there would be expected to

be bands due te C=C stretching, C=N stretching, N-H
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deformation, and carﬁoxylaﬁe anibn vibrétions. Mono-
substituted- or N,N-disubstituted guanidines exhibit two
bands in the 5.90u to 6.15u region, usually séparated
by about 0.10Q (16). N,N'-Disubstituted guanidines exhibit
two bands in the 5.934 te 6,2Zu region, usually separated
by about 0.30« (16). The bands present at 5.9l« and 6.06u
in the guanido éOmﬁound can bestmbe assigned as belng due
to a monosubstituted- or N,N-disubstituted guanidine. The
carboxylate anion absorption of o(~amino acids usually
appears at 6.29y I 0.024, that due to N-substituted of-amino
acids at 6.20« ¥ 0.04«, and that due to S~ or J-amino acids
at about 6.3§u (17,18). The absorption present at 6.20y or
6.3;« could be assigned to the carboxylate anion in the
guanido compound. The amino acid I band (18) (N-H de-
formation) could then be assigned to the 6.3§u or 6.204 band.
The absorption present at 6.50« could be the amino acid II
band (18).

Of the remaining absorption bands present in the
guanldo compound, the only one which can be assigned with
any certalnty is that at 6.8Zu, undoubtedly due te -CHy-

deformation vibration. The absorption bands present at

11.16u« and 12.324 and 12.324 could possibly be due to




56

C-H out-ef-plane_defermation vibrations of an unsymmetrically
disubstituted- or trisubstituted olefin, respectively.

The nuclear magnetic resonance spectrum of the
guanido compound was determined (14) in deuterium oxide
solution and showed absorption maxima at ¥90 c.p.s.,
+7 c;p.s., and -29 c.p.s. (values relative to water as
"zero at 40 e¢.p.s.). Two pr@tons were shown to be present at
the Y90 ¢.p.s. peak, which was split into a triplet, two
protons were shown to be present at the +7 ¢.p.s. peak,
which was ¢learly a slnglet, and one proton was present at
the =29 ¢.p.s. peak, whilch waé'split Into a triplet and
possibly a quadruplet. The nuclear magnetic resonance
sbectrum 1s shown in Figure 3.

The fact that the peak at *7 c¢.p.s. is a singlet
indicates that the absorptien 1s due to a methylene group
not attaéhed to a carbon atom bearing a proton. The fact
that the other two peaks are both split 1ndicates that
each carbon 1s attached to a carbon bearing a proton, and
therefore they must be jolned.

The *90, *7, and -29 c¢.p.s. values for the absorp-
tion peaks correspond to chemical shift values (S) of

t2,25, Y0.18, and -0.73 p.p.m., respectively.® an

*The chemical shift values, in pafts per million,
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examination of the literature values (19) for 16 amino acids
of various types reveals the following ranges for the par-
ticular kinds of protons: the {-C-H of an ¢famino acid,
t0.59 to *1.58 (average, T1,10), -CHz- flanked by two
carbon atoms, t3.08 to T3.74 (average, ¥3.37), C-CH3, 13.57
to 73.88 (average, *3.74), and -CHp- adjacent to nitrogen,
+t1.43 to *2.40 (average, *1.81).

The nuclear magnetic resonance spectrum of the guanido
compound clearly indicates that there are five non-exchange-
able protons present, and their relative environment. A
comparalson of the chemical shift values of the guanido com-
pound with ordinary amine acids does not reveal any marked
similarity.

An examination of the literature (20) reveals that
for ordinary kinds of protons attached to carbon, the only
ones which display negative chemical shift values are those
which are attached to olefinic carbon atoms. It 1s signifi-
cant also that the value for a -CH,o- group flanked only by
-CHy- groups (+3.2 to +3.9 p.p.m.) 1s markedly changed fof

& -CHpo- group flanked by one -CH - group and by one -0-

were calculated from the field strength values, in c¢ycles per
second, by dividing the observed fleld strength values by 40,
the field strength, in megacycles, used for the determination.
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group (70.9 to *1.8 p.p.m.) (20). For example, the follow-
ing compounds show, respectively, the followlng chemical\
shift values: cyclohexane, -3.9; tetrahydropyran, *1.5 and
*+3.5; dioxane, *1.5; trioxane, -0.2.

It 1s not possible at the present time to assign
discrete structural units to the nuclear magnetlec resonance
absorption ma;ima of the guanido compound. The —CH2- group
with a O value of +2.25 appears to be adjacent to an
oxygen or nitrogen atom; the -CHp~ group with a 8 value of

+0,.18 appears to be adjacent to two oxygen or nitrogen atoms;

the ~C-H group with’a 5 value of -0,73 appears to be attached

to an olefinic bond (CHp=, average ) value, -0.45, and
-C=C-H, average O value, -0.67).

In additlion to the normal precaution in the inter-
pretation of a nueclear magnetlc resonance spectrum of

consldering the particular environment of a proton, an

additional precaution due to the concentration of the
compound in the particular determination must be exercised.
It has been shown that the chemical shift values change
toward zero with dilution (21),.

The guanido compound takes up only one mole of hydro-

gen under perhydrogenation conditions. Assuming there to
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be present in the guanido cempound a carboxyl group and a
guanido group, the empirical formula allows two more double
bonds and/or rings. Since one mole of hydrogen was taken
up there must be present, in the guanido compound, one
double bond and one ring:

Barium hydroxide hydrolysis of the guanido compound
released 2.71 moles of volatile base and 0.45 moles of
carbon dioxide. Arginine under the same‘conditions released
1.62 moles of ammonia. This must mean that the guanido group
is attached in the guanide cémpound in such a way as to make
a third nitrogen liable to basic hydrolysis. It was antici-

pated that thlis relatively mild degradation reaction could

lead to a single compound, or a simple mixture of compounds,

which would be more easily identified. However, a complex

reaction mixture resulted. Papergrams revealed the presence

of eight ninhydrin-positive basic and neutral substances.
Sodium hydroxide hydrolysis of the guanide coﬁpound

at 1609 released 1.95 moles qf volatile base. The sqdium

hydroxide hydrolysis of arginine closely paralleled that

of the guanido compound, giving 2.23 moles of volatile

base in a comparable length of time. Arginine was allowed

to react longer under these conditions and released a total
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of 2.35 moles of volatlile base. Guanidine was hydrolyzed
relatively rapildly, giving 2.91 moles of ammonia. Amino-
guanidine released 2.91 moles of volatile base in the same
amount of time that the guanldo compound released 1.95
moles. At this point the temperature was ralsed to 3100,
The guanido comp9und released a total of 3.75 moles and
aminoguanidine 3.82 moles of volatile base.

The guanido compound 1s hydrolyzed slowly with con-
centrated hydrochloric acid. After‘six days at 100° six
spots were observed on papergrams. The fact that the
guanido compound is destroyed by acld explains the low
yield of guanido compound obtained from the hydrelysis of
Viomyeln. Hydrolysls of 55 g. of Viomycin, assuming the
molecular weight of the hydrechloride salt to be 797,
should yield 14.2 g. of the guanido compound. Actually
only 1.489 g. (about 10 per cent) was obtained. Other
guanido compounds are formed during the hydrolysis of
Viomyecin as evidenced by paper chromatography; none has
been isclated 1in pure form.

The preparation of the methyl ester of the guanido
compound was attempted. The product obtained from the

reaction mixture exhibited different Re values than the
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guanido compound on papergrams. The infrared spectrum of
the product was markedly different than that of the guanido
compound, showing absorption maxima at 3.23«’(shou1der at
3.08/1), 5.864, 5.9;«, 6.33/4 7. 77U 8.0§a, 8.594, and
12.5ga. The preparation was not further characterized.

Isolation of the hydrogenation product was attempted.
On purification of the reaction product about 20 per cent
of the starting guanido compound was obtained as the only
crystalline product. The remainder of the reaction mixture
was revealed to be a mixture of compounds. Barium hydroxide
hydrolysis of a crude product from another hydrogenation
released only 1.87 moles of volatile base. This would seem
to indieate that hydrogenation had stabilized the third
nitrogen which was released on barium hydroxide hydrolysis
of thé guanido compound. However, no real significance can be
attached to this result since a pure dihydroguanide compound
was not obtained.

In attempting to derive a possible structure for the
guanido cempound, Of,S-unsaturated carboxylic acids can be
excluded (22) on the basis of the ultraviolet abserption
spectrum.

Ethyleneimine and propyleneimine structures may be
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excluded from consideration on the basis of the fact that
these ring systems would not be stable under the hydrolysis
conditions by which the guanido compound is obtained (23).
Structures containing three ana four membered rings can be
excluded as possible structures by the nuclear magnetic
resonance data. The three membered ring compounds are
excluded on the basis of the absence of absorption maxima
due to cyclopropane -CHpo-. Four membered rings are excluded
by virtue of the fact that a structure with five C-H bonds
“in a ratio of 2:2:1 and not containing any C-CH3 groups
or primary amino groups cannot be drawn.

Seven membered rings and larger‘can be eliminated
since they would all require an N,N'=disubstituted guanidine.

Six membered rings require that one of the nitfogens
of the guanido group’be in the ring. This would give rise

to three possible types of structures:

COOH

Iv v VI
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All these'structures are excludable on the basis that (1)
the guanido compound does net contalin an oﬁﬁﬂunsaturated
carboxylic‘acid grouping, (2) the nuclear magnetlc resonance
data require the grouias ~-CHy- and -CH2-(:)-H, and (3) the
atom in the guanido comlound which gives rise teo optical
activity must be -CH2-¢tH. The tetrahydropyrimidine (V)
should react analogbusly to the hexahydropyrimidines which
are reported te be unstable towards both acid and base
hydrolysis, readily undergoing ring opening (24). Since
the guanidb compound was obtalned from acid hydrolysis of
Viomycin, the tetrahydropyrimidines (V) can probably be
eliminated from conslideratioen. Tetrahydropyrazines (VI)
seem to be unstable, readily undergoing air oxidation (24).
Other structures contalining five-membered rings
which must be considered are VII-XII. Five membered rings
containing C=C were excluded since only four C-H would
appear in the nuciear magnetic resonance spectrum. Solely
on the basis of the nuclear magnetic resonance spectrum
(assuming thé environment for the five protons to be -CHp-
and -CHg-g-), Structures VII, IX, X, and XII may be excluded.
Chemical evldence against compound IX being the structure

of the guanido compound was furnished by barium hydroxide
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NH NH
—]‘ N-C-NH, HoN-8-N S
COOH "COOH
N’//‘ \\\N‘///
3 i
VII VIII
COOH
HpN-C-] COOH \N-C-NH,
NH N N NH
H H
IX X
H2N-§-N | COQH COOH
H
N=C=N
‘ H2 H N
I‘II )
A H
XI XII

hydrolysis. Barlium hydrexlde hydrolysis of compound IX
would be expected to yileld glutamic acid (HOOC-CHp-CHsy-

Hp
H-COOH). None was obtained. Compound VIII might appear

!
to satisfy the results obtalned on barium hydroxlde hy-
drolysis of the guanide compound. Barium hydroxlde

hydrolysis of the dihydroguanido compound released about

two moles of vélatile base. If, then, compound VIII were
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the correct structure,fthe product obtained should be 4-
aminopyrrolidine-2-carboxylic acid (aminoproline). Papergrams
of the barium hydroxlde hydrolysis mixtureof the dihydro-
guanido compound compared with authentic aminoproline
revealed that thene was no aminoproline in the hydrolysis
mixture. How much significance should be placed on this evi-
dence 1s not known since only the guanido compound was
obtained c¢rystalline from the hydrogenation reaction mixture.
It 1s doubtful that compounds VII-XII would satisfy
the observed PKqy values for the guanido compound. For
example, the PKy value of the amine in proline 1s 16.6
and in hydroxyproline, 9.73. ;n addition, since all of the
compounds studied containing a secondary amino}group gave &
yellow color with the ninhydrin reagent, it 1s improbable
that one 1is present in the guanlido compound. The nature of
the group responsible for the ninhydrin coior with the
guanido compound remains obscure. All classes of amlnes
are excluded: primary because of the negative Van Slyke
amino-nitrogen determinatioﬁ, secondary because of the color
which is obtained, and tertiary because such a group (with
pKg 5-6) should be present in Viemyecin itself. | “

A structure suggested on the basis of pK, values and
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ultraviolet absorption spectral data (13) is XIII. This

-COOH

XIII

structure 1s excluded by the nuclear magnetlic resenance
spectral data. In addition, Viomycin has pX, values of 8.2,
10.3 and 12.0. It shows noe pK, value near 5.50. If struc-
ture XIII were correct 1t would seem probable that attachment
of the remaiﬁing portion of the Viomycin molecule threugh

the carboxyl group could not increase the pK, value of

the hetero nitrogen to 8.2, which would be necessary slnce
the guaﬁido group is monosubstituted in Vi@ﬁycin.

All of the structures considered so far contailn
carboxyl groups. The pKy (2.8) for the acidic group present
in the guanido compound indicates that it is a more strongly
acidic greup than the carboxyl groups present in ordinary
amino acids (lysine, PK, 3.7, (-lysine, pK, 5.1). However,

a carboxyl group has not been proved to be present by
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chemlical means.

If there were one acldlic¢ hydroxyl group present,
then the other oxygen could be ethereal. Assuming the
presence of one guanlido double bond and one reducible
double bond, there remains possible two rings, or, less
likely, and/or non-reducible double bonds. Assuming the
number and environment of carbon-hydrogen bonds as deter-
mined by nuclear maghetlic resonance to be correct (which
also serves to deslgnate the asymmetric carbon atem),
there remaln to be assigned only four hydrogen atems. If
a tertlary amine group 1is present, these could be accouﬁted
for by a mono-substlituted guanldine, whereas 1f a secondary
amine group 1s present, these could be accounted for by an
N,N-disubstituted guanidine., The differentlal ultraviolet
spectral data for a tertiary amine 1s reasonably convincing.
If thls 1s indeed present, one would be nearly forced to
the conclusion that the prinecipal guanido compound obtained
does not occur per se in the Viomycln molecule.

Employing the above assumptions, it appears that only
one structure can be written which 1s consistent with the
nhuclear magnetlc resonance and ultraviolet absorptlon data

obtalned: the bicyclle tetrahydrooxazole derivative, XIV,
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l—aza-5-exa-2-guanido-S-hydroxybiéyc1@[?.2.i]-hept-z-ene.
However, compound XIV probably does not have the pKg values

observed for the guanido compound.

\ OH
XIV
Since all of the possible structures for the guanido
compound have been eliminated, 1t i1s mandatory that one or

more of the criteria used in eliminating pessible structures

1s fallacious and must be reinvestigated.
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Figure 2. Infrared Spectra of the Guanido Compound
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