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SUMMARY

The purpbse of this research was to establish the corréct struc-
ture fqr.viomycidine, an hydrolysis prodﬁct of the antibiotic viomycinf

Viomycidine had been.previqusly'reporﬁed to have the formula 06H10N402
and to contain ne OTCHB, N-GHB, or primary_amiho groups. At the begin-

ning of this research,A-guanidino-Al-pyrroline-AACarboxylic acid (I

L
N—C~—NH,,
GQQH

was suggested for the stfﬁcture of viomycidine on the basis of the formu-
la, the optical activity, the“QKa values; the presence of a ‘mono-substitu-
ted guanidine group (Sakaguchi test), the nuclear magnetic resonance
Spectruﬁ and the presence of a reducible‘ddﬁble‘bond, Many of the pre-
viously‘réported éxperiments were repeated and nerexperimenté were de-
 signed to gain evidence for or against the propesed structure for
viomycidine.

The presence of a carboxylic acid group in viomycidine is shown
by the gKa value of 2.8 in 66 per‘cent dimethylformamide. The'presence
of a guanidine group in viomycidine is shown by the gKa value of 13.4 in

66 per cent dimethylformamide. 'Viomycidine gives a positive test with
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the Sakaguchi reagent .indicating the presence of a mono-substituted
guanidine group; the Sakaguchi reagent is specific for mono-substituted

guanidines. The weakly basiec group in viomycidine (pKa, 5.50 in water)

_exhibits a differential ultraviolet spectrum; this behavier is typical

of té;tia:y‘amipes_byt‘is not ghown by primary and secondary amines .

~ Viomycidine and several known Alepyrrolines were found to gilve
stable yellow cqloré_wiﬁh gféminobeﬁzaldehyde; the only aliphatic imine
tested gave a yellow Qoldr which faded rapidly. The ultravielet and

Vi"siible.spectra of the yellow compounds resulting from three known

_Alfpyfrolineswapd vigmyéidine with g-aminobenzaldeh&de were recorded.

The speectra of the yellow compound from viemycidine is quite similar to

the spectra of the yellow compound from the known Al—pyrrelinesg This
is,strong_eVidence.that:thepe is.a,Alfpyrroline moiéty in viomycidine.
The recorded stability of Alnpyrrqlines to hot, acidic conditions in-
dicates that a A?epYrreline is not excluded from being present in vio-
mycidine. The pKa value of 5.50 in viomycidine was found to be con-
sistént ﬁith.a_A}—pyrroline since kh6wn Al-pYrrblines have pKa values of
5.5 to 7.8.

On the basis of I for viomycidine it was propesed that oxidafion

__of viomycidine followed by acid-catalyzed decarboxylation should result

in the formation of guahidinosuccinic acid.A An authentic sample of

guanidinosuecinic acid was preparéd for comparison purpeses. 'Several

oxidation reagents, varying excesses of oxidant, different temperatures
and various reaction times were used, but none of the reactions pro-
duced guanidinosuccinic acid. This is taken as evidence against struc-

ture I for viemycidine.
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_Sgnceﬂtheremiawpregadentmfﬂr.thew;eactimnmofnA%:pyrrolines%uith

. aceticwan@ydggdgipqﬁfp;m;NeacéﬁyieAzepyrrolines,”it,was thought that an

acetyl derivative of viomycidine could be prepared. An acetyl derivative

ligf,yigmjcidiﬁguwas_prepaﬁngWHdse,ﬁqrmula‘(GéHIQGBNﬁ, derived from elemen-

‘tal analyses) was conaistent with l—acetyl441guanidino—A?—pyfroline:A—

carboxylic acidz;ﬂAcgtyi&iomycidihe‘wasrtrééted-with dédne. The ozonide
was treated with hot, égidicAhydrdgeﬁ>peféxide to decomposé the ozenide,
hydroljze the age@ylugroupgyanqbdecafboxylate the malonic acid derivative.
It_was;anticipated.that_barium‘hydraxide hydrdlysis ¢ ” of the intermediate
afguanidinoeﬁ—amin@pxdpicgicEaCid.would_giVe oyp-diaminopropionic acid.
Héwéver, no a;B—diaminopropi$nic acid was detectable.

As a consequence of_tﬁe attempted synthesis of dihydroviomycidine,
a new amino acid, B—gminopy¥rqlidin§—3—carboxylic acid waé»prepared; This
émino acid was characterized by the N,N'-dibenzoyl derivative andithe:
di-p-hydroxyazobenzene-p' -sulfonate salt.

'Vioﬁycidine has been previously reportéd to evolve three equiﬁalegts
cf.baqugnwbariumwhy¢raxiqe.hyd:olysis,. A mechanism for the evolution of
this base,lég_qmmopia,.apdwfar‘ﬁhégsimultaneous_formation of pyrrole-3-

carboxylic acid is proposed. A pyrrole-scid was obtained in 22% yield

by barium hydroxide hydrolysis of viomyeidine; this substance was con-

clusively identified as pyrrole-2-carboxylic acid. This strongly indi-

‘_égtes_tha@,thgrg;gpe five carbon atoms in a straight chain in viomyci-

diné, and pxcludes I as the structure of viomycidine. The formation of

pyrrole-2-carboxylic acid is readily rationalized if viomycidine has

the strueture A—guanido—Alepyrroline—5—carboxylic acid (II). The forma-

tion of 2-aminopyrimidine when viomycidine is hydrolyzed in concentrated




sodium hydroxide is also readily rationalized bymII., From the proposed .
mechanism for the formation of 2-aminopyrimidine it would be expected
that glycine would be forﬁed; It was shown that glycine was produced,
thus adding éupport to structure II fof,viomycidine. “Acetylviomycidine
gives_a.negétive test with the Sakaguchi reagent, indicating that it |
does‘not.COntain.a”mbnOrsubstitgted_gﬁanidine. The nuclear magnetic
resonance spectrum, QKa_Values; and other propértiés of acetylviomy-

¢idine appear to be consistent with its formulation as III.

%H ‘ ‘NH
%—“NH2

CO.H . ' i OH-—00, 1
HN—G—CR

II 11T

The nuclear magnetic resonance spectra of viomycidine in deuterium
oxide sblution and trifluoroacetic acid solution are examined in detail.
There afe.five‘exchangeable protons in Viomycidine and five Carbonfbonded
protons in a ratio of 2:2:1. The absorptiop”at highest field was split
into a triplet (=1.9 C§E.) if the deuterium oxide sqlutioﬁ was de-
oxygenated. In trifluoroacetic acid solution Viomydiaine shows three
peaks in addition to the peaks obsefved.in deutériﬁmhoxide éolution.

The protons in these ﬁeéks are in a ratiorof 2;1&16 This is in con-
trast to the normal behavior observed with aliphatic guanido-acids suéh
as dfgﬁanidopropionic acid and p-guanidopropionic¢ acid. The number

of peaks is interpreted in terms of a rigid hydrogen-bonded system.




Using,known.compoundsm(Al—pyrroline, 2—methyl=Alfpyrrolipe—5—carboxylic
acid!,proline, and pyrrolidine), the peak ppsitions for struéture IT are .
estimated. All of the estimated values for structure II are in reason-
able agréement with the absorption values observed for viomycidine ex-
cept the estimated value for the'proton'at the 2 position. Known Al-
pyrrolines which are not .substituted in .the 2 position have an absofp—
tion at a v value of about 2. The lowest carbon-bonded proton absorptidn
"in viomycidine is 4;07 T in, trifluorocacetic aciq solution. This iﬁdicates
that viomycidine does not:haVe an olefinicrt}pe‘proton and, therefore,
structure II does not explain all df the data observed for viomycidine,

Structure IV (3—‘g11anido—§l—pyrroline~2—éa'rbox$71ic acid) is pro-
pésed for viemycidine. The estimated nuclgar~magpetic'resonance ab-
serpﬁion positions for IV are in mucﬁ better agréement with the observed
positions in vipmycidine than are the estimated values for II. The
formation of pyrrole-2-carboxylic acid, 2-aminopyrimidine, and glycine
are explained on ﬁhe basis of a base catalyzed isomerization_of IV to

IT.




INTRODUCTION

Viemycin.-- Viemycin is a tuberculostatic antibiotic which was isolated

from cultures of Streptomyces puniceus and Strépfomyces floridae in. 1950

in the laborateries of Charles Pfizer and Company (1) and Parke, Davis
and Company (2). Although biological tests indicated that viomycin might

be useful against tuberculosis_(l), later studies on humans in the ad-

- vanced stages of tuberculosis revealed several toxic side effects (3).

~ Viemycin is still used clinically, especially when the tuberculosis micro-

organism has become resistant te streptomycin. Qrdinarily its uée is

limited to advanced cases of the disease for short periods of time.
Several salts of viemycin have been prepared; the sulfgte melts at

252° with decomposition and has‘a specific rotation of -39.8° (2). Dif-

v

fusion molecular weight studies and,elemental-éhalyses resulted in a

‘suggested formula of 025H40_48N1201103/2-H28@4 (4).

Positive Sakaguchi, ninhydrin and biuret tests indicated that vio-
mycin contained guanidine aﬁd péptide grbups-(zya The antibiotic is a
strong base, with pKa® values of 8.3, 10.3 and 12 in water. The pKa of 12
is probably due to a guanidine groupéytbose of 10.3 and.8.3 are probably
due to amine functions. Absence of a low pKa value indicates that viomy-

¢in probably dees not have a free carboxyl group (4).

_ , + n
* pfa = -Log [H 1 A7) , where either A" or 14"t can be the compound
E~¢n+l] in questien or the compound in a different state
of protonation.




When hydrolyzed in 6 N hydrochloric acid .at 100° viomycin yields
ammonia, carbon diexide, urea, L-B-lysine, L-sewine, L—a,B—diaminopropioe

nic acid and a mixture of compounds, each containing the guanidine. group.

One of these is produced'in reasonable amounts (5) and has been named

viamycidine-

i mycidinevw— Earlier workers separated the substancasthat gave pos1t1ve ,

Sakaguchi tests from the other products of acid hydrolysis of viemycin

. by ion-exchange. chromatography- Further ion—exchange chromatography re-

sulted in a preparation that was reasonably homogeneous but was not
crystalline (2,4).
Analyses of the flavinate and g—hydroxyazobenzene~g"—sulfonate salts

of this cempound resulted in. suggested formulas of 06H16N4Q5 and CéHl2 4 3

‘respectively for the free guanidine-containing cempound. The compound .

was found to have a specific rotation in water of -63° and to have pKa
values of 1.5, 5;7 and 12.4 in water. The compoundlgave a pink celer
with the Sakaguchi reagent, indicative of a mono—substituted guanidine
function, a pink color with the ninhydrin reagent, and did not give a
positive Tollen's test. The compound gaye no coler change with the
Benedict-Behre reagent. When heated under the conditions for the trans-
formation of creatine into creatinine, it did not.give a pesitive test
with the Benedict-Behre reagent and still gave a positive test with
the Sakaguchi reagent. This indicated that no cyclizatien to giue the
creatinine-type linkage had occurred. It was found that the compound
reduced -0.26 mole of periodate in 30 minutes and 1.05 mole in six hours

at pH 8.4, indicating the probable absence of vicinal hydroxyl and/or




amino groups (4).

More recently, the major. guanidine-containing compound (Viomycidine)

has been isolated in crystalline form in an overall yield from viemycin

of about ld per cent. This isolation was accomp}ished by the use of ien--
exchange resins and carbon chromatography (6)u |

Viomycidine hydrechloride is a white crystalline solid which has
the formula CéHlOOZNA JHC1; it melts with decomposition from 200 to 208°.
It has no C-methyl; O-methyl, N—methyl or primary amine groups. The
specific rotatien varies with pH, being m21529 in 2 N hydrochleric acid,
-83.2° in water and -155.8° in 1 N sodium ﬁy&roxide (6).

‘ Potentiometric titration data reveal that viomycidine has pKa ‘
Valueé of 2.8, 5.87, and 13.4 in 66 per cent N,N-dimethylformamide and
5»50 and 12.6 in water (the carboxylic acid function was too stfong to
be accurately determined in-water by the mefhod used. Only end absorp-
tion is shown in the ultraviolet regioen. vHoweVer, viomycidiﬁejdoes ex-
hibit a differential ultraviolet spectrum. A determination using pH 9u80.
in one cell and pH 3-.82 in the other.shows that the weakly basic group ab-
Sérbs at 212 mp with an extinction coefficient of 2,530. This group is
probably a tertiary amine of some kind since primary and secendary amines
do not give a differential ultraviolét Sﬁectrﬁmi(6,7)b

The infrared:spectrum_of vipmycidine hydrochleride shows a large
number of absorption maxima. The oniy peaks to which structural features
were assigned are those for N-H stretching, cérboxylate anion vibration,
C=N stretching, C—H stretéhiné'and CH2 deforﬁation vibrations (6).

The nuclear magnetic resonance spectrum of viémycidine hydrochloride
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in deuteriﬁm‘oxiQe reveals that six of fhe eleven prot@ﬁs.are exchanged
for de_uterium_atdms°  The remaining fiVe protons are in a ratio of 1:2:2
and absorb at 4.377T, 5.387Tand 7.437T respectively. The_ﬁéak at 5.387
appears to be a singlet; the peaks at 4.377t and. 7-437 are each poorly
resolved multiplets. The peak at 4.37T is in the region where olefinic
protons absorb @)n '

With ninhydrin spray reagent on papef chromatograms viomycidine
gives a pink-purple coler, which is slighfly weakér than that found for
normal q—a@ino‘acidsu The Weber reagent produces a pinkldolor with vio-
mycidine, iﬁdicatiﬁg either & mono—subsfitutedAor N,N‘—di?substituted
guanidine. The pink color with tﬁe Sakaguchi reagent indicates a mono-
substituted guanidine. A negaﬂive ferric chloride test indicates the
absence of an enélic.group (6).

Barium hydroxide'hydrolysis of viemycidine at 90° results in the -
evolution.qf‘207l mole of volatile base and the formation of O=45Imole
of barium carbonate. A complex mixture of eight substances which gave
positive ninhydrin'tests was revealed by paper chromatography. Hydroly—
sis of viemycidine with sodium hydroxide solutien at 16@—3;0O results
in the evelution of 3.75 mele of vélétile base (6). Hydrdlysis in con-
centrated sodium hydrOXide‘at 80° broduces‘a small ameunt of a sublimate
which was idenfified as 2-aminopyrimidine (8).

Heating with concentratéd hydrochloric acid fer six days resulted
in the incomplete ceonversion of viomycidineninto at least five ninhydrin-
positive compouﬁds, some of which were Weber-negative. An appreciable

amount of viemycidine still remained after ﬁhis‘length of time (6).
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Possiblyé this.accounts for the low yield of even the majdf guanidine com-
pound as well as for the number of guaﬁidine compounds proeduced iﬁ'the
hydrolysis of viomyciﬁo‘ The_othef guanidine cempounds formed from vie-
mycin have not been iselated in pure form.

Hydrogenation of viomycidine with acetic acid-water as the solvent
and platinum on carben as the catalyst results in the absorption of one
mole of hydrogen. No ﬁure hydrogenatién_product was isolated (6).

At the beginning of this research thg structure 4~guanido~-A'-
pyrfoline-&—cérboxylic géid hydroéhlofidé.(l).uasmsuggested for viemy-

cidine hydrochloride (8).

00~
—C—H

t
NH, &

Cl'_.

The facts which lead to this structure may be enumerated as followé:

(1) Thé analytical data. (2) Viemycidine is eptically activeé, indicat-
ing at least one asymmetric carben atem. (3) The pKa value of 2.8 indi—
cates a carboxylic acid group; the value of 13.4 inaicates a guanidine
group; the value of 5;87 indicates a weakly‘basic amine and the differen-
tial ultravielet spectrum further indicates that the amine is tertiary.
(4), The positive Sakaguchi test indicates that a mono-substituted
guanidine function is présent. (5) The nuclear magnetic resonance spec-

trum indicates one methylene group net adjacent to a carbon atom bearing




a proton. The other two peaks are Split and therefore must be‘adjacent teo

each other. Further, the peak containing only one protﬁn,is.in.themale—

fihic region. Thus, the part structure'—CHz— and‘-CHsz=#; isC indicated.

(6) Viemycidine takes up one mole of hydrogen under perhydrogenation con-

ditions, Substantiatihg the propesal that an olefinic linkage is présent

and indicating that the compound has one.ring; One carbon atom of viemy-

cidine is present in a carboxyl

guanidine group. The nature of

group and another is contained in the

three of thebremaining four carbon atoms

is indicated by the nuclear -magnetic resonance Spectruma The remaining

carbon atem can bear no proten;

must be the asymmetric atom of viemyci-

dine and, furthermere; must bear beth cafboriylvand guanidine. substit-

uent groups. All of the evidence is readily_explaiﬁed by structu}e I.

~ The following_propbsed:pathway from I to 24aminopyrimidine further sup-

ports the proposed structure (8)

"NH

°

N——H——NH COOH NH
2 I __H :
,00H + H20 CHE——fC——? ——NH2 - H20
, =5 l ‘H —
0=C CH
AN I I 2
H H2




~ The purpoese of this research was to gain chemical evidehce for

structure I or to elucidate the‘correct‘structure for viomycidine.




EXPERIMENTAL

Apparatus and Technigues.-- Ion exchengeeresins‘used in this work were
regenerated and used as described previously (6). The following is a
list of these resins and the abbreviations used for each.throughout~
the rest of this thesis: Amberlite anion exchange resin 45 in either
the hydroxyl or chleride‘phase5 IRA 45 (OH_)Vor‘IRA 45 (C17); Amber-
lite anionuexchange resin 400 in the hydroxyl phase, IRA.AOO (OH™ )
Amberlite cation exchengekresih 50 in the hydrogeh phase, IRC 50 (H+).
When ion exchange resins were used batchwlse or 1n columns, a minimum

of e five-fold excess of resin was used. When‘resins were used in cel-
umns the‘sample was eluteé with a minimum of two column—volumes of elu-
ting solvent. When resins wére used batchwise,‘the sample was eluted

by washing the resin with abeut four times as'much water as the quantity
of resin used.

The apparatus and fechﬁiques USed:in paper- chroematography were
the same as those descrlbed prev1ously (6). The solvent systems which
were most frequently tsed: end their abbrev1atlons used in the,balance of
this thesis are: L-butyl alcohol-acetic acid-water, 2:1:1 (v/v) (BAW);
f-propyl alcohol—acetlc ac1d water, 10:1: 9 (v/v) (PAW); phenol—water,

(v/v) (Pwd. Spray reagents which were most frequently used were nin-=
hydrin -and WeEer. Their preparation and interpretation are given in

reference 9.

The follewing qualitative color tests were used and the method for




performing ﬁhe test is given‘in'ﬂhe'reference cited for each test:
ninhydrin ((&), Weber (9), Sakaguchi (9), Nessler (10), Erhlichj (11),
ferric chloeride (12), a EudimetEYIaminobenzaldehyde reagent for urea
compounds (9jp an&.Benedict—Behré (13).

Pretreated Darco G-60 (AtlasAPowder Company) was prepared and
mixed with acid-washed Celite (Johns-Manville Corporation) as descfibed
previously,(6). The carbon columﬁs so prepared were washed with tap water
until the Wash_water gave‘a negative test for alcohol with the ceric ni-
trate reagent (14). |

Routinely, 100 g. of charcoal-celite mixture was used per gram of
sample being chromatographed. The cellulose éolumns were prepared as
described previously (6).

| All melting points were determined on a Kofler micro hot stage.
All optical rotations were détermined with a Bellingham and Sténley Ltd.
pelafimetery using the D line of sodium as a light source. All infrared
spectra were determined on a Perkin Elmer Model 137 recording spectro-
photometer} The ultravidlet spectra wére determined on either a Beckman .
MOdel‘Dknl rééordiﬁg.spectroﬁhotometer, a Bausch and Lomb Model 505 re;
cording spectrOphotometer or a Cary Model 14 recerding spectrOphotometer°

The nuclear magnétic resonance spéctra were determined en a Varian
Model A-60 spectrometer. Reference compounds ﬁsed and their abbrevia-
tions are: tetramethylsilane internal standérd'(TMS)s tetramethylsilane
(5% in carbon tetrachloridej external standard (TMS, external standard),
and . sodium 2,2=dimethyl—Z—silapentane-5?sulfonate (DSS). The latter com-
pound was prepafed acéording to Tiers (15). The fraction collector:

which was used in the course of all column chromatographic separations
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was a Researdh Specialties Company Model 1205. Microanalyses were
performed by Galbraith Labora‘tpries'(Knoxvilley Tennessee) and

Huffman Laboratories (Wheatridge, Celoradoe).

Preparation of Viomycidine Hydrochloride;-- Viemycidine hydrochloride
was isolated and purified by the methoed of Hayes (6). In the First
preparation 165 ge of a mixﬁufe of crude viemycin sulfate and crude vie-
mycin hydrochloride was uséd« 'AftéerCid hydrolysis, the acidic solution
was neutralized with IRA 45 (oH7) batchwise and passed over an IRA 400
(OHu) column. ‘The éiuate_fram this celumn was passed directly over an
IRC 50 (H+) colum. The IRQ 50 (H+) column’wésAwashed with water and

the basic material was éluted with 1 N hydioéthric acid. The acidic
eluate was neutralized with IRA 45‘(QH_)p The resin was remo?ed by fil-
tration and the filtrate was passed over an IRA 45 (C17) column. The
~eluate was evaporated to dryness in vacuo to give 42.3 g. of baéic ma -
terial. This material was chromatographed on a charceal column. The
first fractions‘consisted primarily eof ammonium chleride and weighed

22.2 g. The fractions which centained viemycidine hydrechloride as the
major material weighed 7.5 ga' These were combined and crystallized te
give 3.12 g. of pure viemycidine hydrochloride, m. p, 201-208° dec.
(borro).(lito 200;2100 (6))y [a“]§7o =~ g6° (¢ 2.24, water) (lit.,
La ]D = -83.° (¢ 1.68, water) (6)).

In the second preparatien an amount of viemycin sulfate (Parke;

Davis and Company,- lot No. H19606A) was used which was equivalent to 20 g.

of viemycin base. The purificétion was as described above except that

the IRA 400 column was eluted Qith abqut 15 column-volumes of water
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rather thdn three column-volumes as ﬁsed.by Hayes. The weight of the‘
stronglyvﬁasic material obtaiﬁed by ion-exchange treatment of viemycin
4hydrqusate was 7.8 g. This material was chromatographed en a charceal
column and paper chrogatograms were run on pooled fractions from this
column. The first pooléd fraction after ammbnium chloride (2.9 g.)
weighed 1.04 g. and was found to coqgisf of viomycidine hydrochloeride

and a compound with a lower Rp value than viomycidine hydrechloride. In

BAW; viemycidine hydrochloride had an RF value of 0.28 and the other coem-

pound'had an RF value OalBQV This comﬁound'ééve.a»pink color with Weber
reagent and a green-gray color'with gﬁnhydrin reagené. The intensity of
the Weber celor was about the same for the lower RF compound and viemy-
cidine hydrochloride. This fractien was set aside for future work; The
remaining fractions from the charceal celumn weighed 2f2 g. and were
crystallized three times to give 0.62 g. (10 per cent) of pure viemy-
cidine hydrochloride, m. p. 203-210° dec. (corr.).

Both preparations of viomycidine hydrochloride gave the same RF
value in BAW, PAW, and PW as a sample of viomycidine hydrochloride Which
had been prepared by Hayes. Viomycidine hydrochloride was found to give
two spots in the solvent system PW with RF values of 0.23 and 0.76 when
sprayed with ninhydrin and Weber reagents. A solution of 26 mg. of vie-
mycidine hydrochloride in 0.2 ml. of water was applied té thick chroma-
tography paper (Whatman Non‘l7) 25 cm; wide; the chremategram was run in
PW. The high and -low RF spots were eluted separately from the paper
with water and the tweo eluates were conéentrated to about 0.5 ml. Paper
chromateograms were run on each eluate in PW and sprayed with Weber and

ninhydrin reagents. From each eluate there was observed two spots of
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RF 0.23 and 0.76.

About 0.2 mg. of viemycidine hydrochloride was heated at 100° with -

1l ml. of 0.2 per cent ninhydrin in water—satUréted 1-butanol. After
three minutes a pihk coler appeared which was only slightly weaker
than with the normal hinﬁydrin reagent.

The nuclear magnetic resonance spectrum of viemycidine hydfochlo—_
ride was determined using a deuterium oxide solution (BSS) (c 21.2%) |
and showed peaks at 7.43 t (2 H, poerly resolved multiplet)9 5.38 ¢
(2 H, singlet) and 4037 T (l‘H, péorly resolved multiplet). The number
of protoﬁs in each peak was determined by using the autematic integra-
ter. The n?clear magnetic resonance spectrum of viemycidine hydreo-

- chloridé in trifluomeacetic acid solution (TMS) (¢ 10%) showed peaks
at 7.23 © (2 H, singlet), 5.05 v (2 H, singlet), 4.07 « (1 H, singlet),
3.00 © (2 H, singlet), 1.98 v (1 H, singlet) and 1.48 © (1 H, singlet).
The number of protensiwas determined by cutting out and weighing the
paper enclesed by each peak. The spectrum is given as Figure 1.

In another experimenf the nuclear magnetic resenance spectrium of
a deoxygenated selution of viemycidine hydrechloride in deuterium oxide
.(g 10%) (IMS, external standard) was recorded. The number of protens was
determined by cutting out and weighing the papér enclesed by each peak.
In one spectrum the émplitude‘was adjusted se that the water peak was on
scale. The water peak from the deuterium oxide uéed was subtracted frem
the water peak qbsérved in the spectrum of viomycidine hydrochloride.
Peaks were observed ét 7:43 © (2.00 H, triplet, J =1.9 cps.), 5.38 t

(1.96 Hy singlét)g 5.17 © (5.95 H, singlet), and 4.37 © (1.11 H, poorly

resolved multiplet). This,specfrum is given in Figure 2. A spectrum of
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this solutién was’alsd run at a higher amplifude§ seo that the water peak
was off scale and the oiher peaks were larger. In this way peaks were
_o'bserve.d.at 7.43 7 (2.00 H, triplet, J = 1.9 cps.), 5.38 v (2.05 H,
singlet}9 and 4.37 Tb(1°OL H, poorly ire_sol'ved‘multiplet)°

A nuclear magnefic resonance Speétrum of a deoxygenated solution
of viemycidine hydrechloride in water was determined,(g lD%)leMBy ex=-
ternal standaﬁd)o It showed peaks at 7.43 1 (2 Hg,triplét, J-= iL&erps.
5.37 © (2 H, singlgt)g'_4n37 t (1 H, peorly resolved multiplet) and
2.57 v (1.1 H, broad singlet). The r‘lu_mber‘ of protons in the peak with
a 2.57 T value was determined by tracing this peak and the peak with a
743 T value and cutting out and weighing the paper; encl;ased by éach
peak; The value for the peak with a.7043 T value was set equal fo two
protens.

An ultravielet spectrum of a solution of Viemycidiné hydrochloride
in water showed £ , 30 at 230 my and &, ‘1920‘0 at 210 myu.

Ultraviolet spectra of viomycidine;hydrochloride:in a-selution

of pH 3.57 (saturated selution of potassium bitartrate) (¢ 0.0058) ang

in a solutien of pH 9.00 (Coleman buffer tablet) (¢ 0.0058) were recorded.

The spectra of the solution of lower pH was subtracted from the spectrum

of the.solﬁtion of hﬁgher pH. When this was_donég viomycidiné showed
kmaxu_ 210 mu, £ 5 2,400

Iﬁ the same way, the ultra-vielet spectra of triethylaminep di-n-
propylamine and-gépropylamine were recorded in selutions of pH 9 (Coleman
buffer tablet) and pH 13 (sedium hydroxide éolﬁtion)° The spectrum from

the solutien of lower pH was subtracted frem the spectrum from the
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solution of higher Qqu None of the spectra showed a xméx but, at 210 my,

‘triethylamine showed &, 3,000, di-n-propylamine showed & , 400, and n-
propylamine showéd £, 8. The ligﬁ;fpath for all of these spectra was

1 mm.; the épecfra were recorded on the Cary Model 14 spectrophotometer-

Adetzlviomycidineumw To a solution of 100 mg. (0.48 mmole) of viomyeci-
dine hydrochloride in 3 ml. of water was added enough absolute ethanol to
furnish a cloudy solution at 10°; there was then added 3 ml. (30 mmoles)
of acetic anhydriden The solution was alléwed to stand in the refrigera-
tor for two days. The acidiz selution was then treated batchwise_with
IRA 45 (OHD)Atovneutralize acetic acid. After filtrafion the solution
was evaporated to about 10 ml. at 50° in vacuo; the solution was then
lyophilized. About 3 ml. of water was added and again the solution was
lyophilized; this was repeated two timesa‘ The resulting tan solid was
dissclved in 3 ml. of 95 per cent ethanol and centrifuged. The super-
natant solution was evaporated on the steam béth to 1 ml.; whereupon a
white solid precipitated. This was collected;, air driéd3 and found to
weigh 50 mg. (48%)- This was crystallized from 9.0 ml. of 88 per cent
acetone-water giving 40 mg. of white crystalline solid, m.p- 256-257° dec.

28° o+ .o
D

(corr.), [a] =+ 41" - 1° (¢ 2.4, water).

Anqla 68H12N403 | Calc'd: C,45.28; H,5.70; N,26.43

(212.24) Found : C,45.41; H,5.91; N,26.59

The RF values (Weber) for acetylviomycidine were: 0.57 (BAW, or-
ange)p- 0.67 (PAW, orange) and 0.80 (PW, orange). The ultraviolet spec~

trum in 95% ethanol showed no absorption peak but only end absorption;
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¢, 50 at 230 ms, £, 7,500 at 210 my and &, 10,000 at 200 mu. 2-Butenoic
aciq', in 95 per cent ethanol, had X 206 my, €, 10,300 GEFT N
204 mu, € , 11,700 (16)). The infrared spectrun of acetylviomycidine

in a petassium bromide pellet, ie giveh in_Figure 3. Acetylviemycidine
had pKa values of 4.86 -and iB,O in 66vper cent dimethylformamide as shown
by_potenfiometric titration (34).

The nuclear magnetic resenante spectrum was recofded in deuterium-
oxide solution (TMS, external standard ) (c 10%) (Figure 4) and . showed
peaks at 4.30 © (0.784 H, poorly resolved multiplet), 5.19t (4.26 H, sin-
glet), 5.50 v (1.96 H, poorly resolved multiplet), 7.73 v (3.44 H, sin-
glet), and 8.03 v (1.57 H, einglet),‘ The number of protens in each peak
was determined by autematically integrating the spectrum, taking the tetal
height for all peaks and dividing by 12, the total mimber of protons pres-
ent in acetylviemycidine. The pFaks were run at a higher amplitude, |
traced, and the tracing cut out and weighed. The peaks at 5.50 T and
4.30 v were in a ratie of 2.00:1.03; the peakS'ef 7033‘; and 8.03 T were
in a retio'of 3.00:1.22 (or 3.44:1040)0 |

Acetylviemycidine did not gi&e'a colér with the ninhydrin reagent
or with the‘geaminobenzaldehyde reagent.. A selution of acetylviemycidine
in ﬁater failed to give a precipitetevon_adding silver nitrafe solution.
Aeetylviomycidiﬁe gave a negative_test for a mono=bubstituted guanidine
with the Sakaguchi reagent and a negative test for the creatinine-type
linkage with the Benedict-Behre reagent. |

About 0.5 mg. of acetylviomycidine was dissolved in feur droeps eof
6 N hydrochloric acid and fhe solution was heated at 100° for two hours.

Peper chromatograms of the acetylviomycidine hydrolysate and viemycidine
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were run in BAW and PAW. The hydrolysate showed one spet in each system
with RF values of 0.28 and 0.53 respectively° The values were the same as
for viemycidine. The chromatograms were sprayed with ninhydrin and Weber

reagents and the colors were the same for the hydrolysate and for viemy-

cidine.

 2,4-Dinitrophenylviomycidine.-~ The method used for the preparation of

2, 4-dinitrophenylviemycidine is an adaptioh of a general methed for the
preparatien of 294~dinitrophenylamino acids (17). At reem teﬁperature,‘
EQ mg - (6024 mmole) of viomycidine hydrochloride was added to 3 ml. of
water which contained 0.25 g. of sodium bicarbenate. To this solutioh
was addéd a solution of 0.28 g. (1.5 mmole) of 2,4~dinitroflucrebenzene
in 7 ml. of absolute ethanol. The suspensien was stirred‘ﬁagnetically
for two-heurs.at room temperature and then refrigerated overnight. The
reaction mixture was acidified and after extraction with benzeng to ?e-
move 2,4—dinitréphenol,and 29A-dinitrofluorobenzene, the solutien was

neutralized with ammenium hydrexide. The product crystallized and was

collected. It was crystallized twicévfrom'water»and'dried for 12 hours

at 78° and 0.2 mm., giving 20 mg. (21%)vof yellow needles, m. p. 171. 5~

172.5° (corr.).
12M12

Anal. C 06N6°2 Hy0" Calc'd: .Gy 38u71;‘H9 4.33; Nn'2?a58

- (372.20) - Found : ©,. 38.71; H, 4.57; N, 23.08

2, 4-Dinitrophenylviemycidine gave a pink color with Weber reagent

as did 2,4-dinitrephenylarginine. 2,4-Dinitrophenylviomycidine had RF

_ values (yellow coler, no spray) of 0.70, 0.85 and 0.55 in BAW, PAW and

PW respectively. The infrared spectrum was taken in a petassium bremide
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pellet and ié given in Figure 5.

Iso—butvlideneethylamiﬁén—— A sample of iso-butylideneethylamine was pre-

pared by the methed of Campbell (18). The preparation was distilled, bep.
‘8’7—88o (1it. (18) 90°/767 mm. ). Nuclear magnetic resonance spectra of
this compeund were detérminedn 'As the neat liquid (TMS), the imihe showed
peaks gt 2.47 v (1 H, doublet, J = 3.8 cps.), 6.70 © (2 H, quartet, J =
7.2 cps.), 7.70 T_(l H; multiplet;, 8.93 v (3 H, triplet, J = 8.2 cps.),
and 8.97 © (6 H, doublet, J = 7.2 cps.). In trifluercacetic acid (TMS)

(c 50%) the'imine:showed peaks at 1.66 t (1 H, poorly resolved multiplet),

6.12 t (2 H, quartet, J = 6.0 cps.), 7.30 v (1 H, poorly resolved multi-

plet), 8.53 v (3 H, triplet, J = 7.0 cps.), and 8.68 © (6 H, doublet, J =

7.0 cps.).

Di-ise-butylideneazine.-- A sample of di-ise-butylideneazine was prepared

s

by the method of Malbe (19). The preparation was distilled, b.p. 164—1650

(1it. (19) 160-165°). The nuclear magnetic resonance spectrum of the

azine was obtained as the neat liquid (TMS) and showed peaks at 2.32 T

(2 H, doublet), 7553 v (2 H, sextet), and 8.93 v (12 H, doublet).

Preparatien and Preperties of A'-Pyrreline.-- The mercuric chloride com-
plex of A'-Pyrroline was prepared by the method of Skursky (20). To a

solutien of 5.74 g. (0.021 mole) of mercuric chleride and 4.54 g. (0.021

moie) of sedium periodate in 200 ml. of water was added, at 09, 2.03 g.

(OfOll mole) of proline: The solution was allowed to stand in the re-
frigerater for 12 hours. The resulting crystalline precipitate was col-

lected and triturated with eight 25-ml. portions of ice water. The solid

——




S

shewed ne change.

was fhen washed with ethanol and dried in a desiccator, giving 4.5 g-
(84%) - The infrared spectrum of the compéund was determined as a nujol
mull and showed, amoﬁg other abéorptions, a strong shafp peak at 6.12 .
L7'=Pyrroline had a pKa value of 5.6 in watér‘as shown by potentiometric'
titration (34). |

Thevmercﬁric chloride compiex of AV-pyrroline (980,mgo, G«ObZ9ﬁ
mole) was slurried with 2.0 ml._ef»trifiuoroacetic acid and the mixture
was centrifuged. A nucleaf‘magnetic resonance spectrum of the supér-
natent liquid (TMS)‘was immediately receorded and showed peaks at 1.20 1t
(l'H, singlet), 5u68f (2 H, poorly resolved multiplet), 6.67 < (2 H,.ﬁQfo
1y resolved multiplet), and 7.47 t (2H, quintet, J = 7.6 cps.); this spec-

trum is shown as Figure 7. A spectrum of the same solution one week later

Hydrogen sulfide was passed info a solution of.5 g (1Lu8 mmole )
of the mercuric chloride complex Qf A“—pyrroliné inIIAO ml. of 0.3 N hydro-
chloriq-acid for abeut 30 minutes. The resulting mixture was slurried
with charceal and celite and filtered through a celife pad on a siﬁtered
glasé funnel. Excess hydrogen sulfide was removed from the filtrate in
vacuo at 40°. IRA 45 (OH;) was added to the solution until fhe pH of the
selutien was 3.5. Over a'period of about 30 minutes, 7.5 g. (175 mmole)
of acetic anhydride and IRA 45 (OH;) Qere added to the solutien such that
the pH of the solutien was maintained‘at13;5 i 0.1. 'The:resin was removed
by filtration and the filtrate was saturated with sodium chleride. The
selutien was exfraeﬁed continuously with chloroform for 12 hours. The
chlorofdfm was dried over magnesium sulfate and evaporated in vacuo to
give 150 mg. of red oil. An infrared spectrum of this oil showed a broad

peak at 6.07 po A nuclear magnetic resonance spectrum of the chleroform
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extract in carbon tetrachloride solution (TMS) showed weak absorption at

4+83 T and strong absorptions at 6.58 1, 8.13 1, and 8.92 1. All of

the absorptions were broad and poorly resolved.

Progerties_gi,ngethxl—é%égxrrolinefé—carbqulic"ACid”szrochloride.—— A

sample of_2—methyl—41—pyrroline—5—carboxylic acid hydrochloride (21),
m. p. 175-177° (1it. (22) 186-189°), gave a brown color with ninhydrin
reagent in a test tube. The nuclear magnetic resonance spectrum of this

Al—pyrroline in deuterium oxide solution (TMS, external standard) (c 20%)

‘was recorded and showed peaks at 7.36 © (5 H, a singlet of 3 H superim-

posed on a multiplet of 2 H), 6.66 t (2°H, triplet, J = 7:8 cps.), and
4.76 v (1 H, triplet, J = 9.0 cps.). In trifluoroacetic acid sélution
(tMs) (e 20%); the nuclear mﬁgnetic resonance spectrum of this Al-pyrro—
line showed peaks at 7.30 © (5 H, broad), 6.58 1 (21H, triplet, J = 8 cps.)
and 4.60 t (1 H, triplet, J = 9.5 cps.). This.Al—pyrréline‘in.wgter had
pK, values of 2.0 and 7.37 as shown by potentiometric titration (34). |
To a solution of 300 mg. (1.8 mmole) of 2-methyl-A’-pyrroline-5-
carboxylic acid.hydrochloride.apd 1.5 g« of sodium bicafbonate in 18 ml.
of water was added a solution of 1.48 g. (7.9 mmole) of 2,4-dinitrofluoro-
benzene in 37 ml. ofﬁefhanol. The mixture was stirred magnetically for
twb hours at room temperature and placed in the refrigerator for 12 hours.
The ethanol was evgpofaﬁed‘;g xgggé and the residue was acidified with
1.0XN hydrochloric acid. The resulting suspension was extracted with ben-

zene to remove 2;4—dinitrpphénol and excess 2,4-dinitrofluorobenzene. The

aqueous suspension was then extracted with ethyl acetate. The ethyl acetate

was dried over magnesium sulfate and evaporated to dryness in vacuo.
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The resultiné_yellow.solideés crystallizea twiqe'from,lO pef cent acetone-
benzeﬁe to give 200 mg° (35%) of yellow plates, m. p. 131-142° dec. (corr.).
The derivative was crystallized three times fof‘analysié frem 50 per cent
aqueeus-ethanel, m. p. 132-142° dec. (corr.). The analytical sample was

dried to censtant weight at the analytical laboratory. An infrared spec-

trum of the derivative, in a petassium bremide pellet, showed, among

others, absorptions at 2.96 p, 5:79 u, and 593 .

Anal. 0y 51 N50, Calc'd: ©C, 49,14; H, 3088; N, 14.33
012H11N306°H20 - Calc'd: G, 46.30; H, 4»21; N, 13.50
Found : G, 46.02; H, 4-54; N, 12.93

(311.35)

To a solution of 100 mg. (0.61 mmole) of 2-methyl-A'-pyrroline-

>-carboxylic acid hydrechleride in 3 ml. of water was added 7 ml. of

~ethanel at 0°. To this selutien 3 ml. of acetic anhydride was added and

_ the selution was allowed te stand in the refrigerator for'two days. The

ethanel was évaporated in vacue and.the_residue lyophilized from water

eight times to give a white solid. This-SOlid was crystallized from -
3 .

70 per cent acetone-methanel te give 55 mg. of white crystals, m. p-

l70—l77o_dec, (corr.). No depression'of>melting peint was observed en

mixed melting with starting material.

g—AmineanZaldehzde REagénta~~ The g-aminobenzéidehyde reagent was
prepéred by the methed of Jakeby and Fredericks (23). The reagent cen-
tained abeout 40 ﬁgo of'g—éminébenzaldehyde in 10 ml. of water. When
‘used as a qualitative coler test, 5 mg. of the compound te be tested,
0.5 ml. of 0.025 N hydrechleric acid and 0.5 ml. of the reagent were

mixed and heated on a steam bath fer about twe minutes. A yellow coloer
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constituted a poéitive test. In thié Way, viemyecidine, the mercuric .chlo-
ride complex of A“—ﬁyrroiiné, 2,3—aimethyleA‘—pyrrolinee5—carboxylic acid
hydrechleride KZl), 2—methyl<Af7pyrrqlinee5¥carboxylic acidfhydroéhloridé
(21), 2-ethyl-3,3-diphenyl-A'-pyrroline (24), 2-methyl-3,3-diphenyl-a'-
pyrroline (24), 4,4,5—triphenyl—A'—pyrroline,(24), 4,4—dipbenyl—5—(p—tolyj—
A'-pyrroline (24) and igg—butylidineethylémine gave positive tests.‘
o-Aminobenzaldehyde, acetamidiﬁé, guahidoacetic acid,”glyciné and vio-
mycin- gave negative tests.

In Semiequantitative experiments, a mixture of 0.50 ml. of the
g—aminobenzaldehyde reagent, 0050 ﬁlu of 0.025 N hydrechloric acid, and
0.05 mmole of the compound to be. tested was heated at 90° for 30 minutes-
The reaction mixture ﬁas &iluted to 15 ml. with distilled water andfthe
ultravielet and visible spectra were recorded. Some of these data are

recorded in Figure 6.

Hydrogenation of Viomycidine.-- A mixture of 30 mg. of viomycidine

hydrochloride, 100 mg. of five pér cent ruthenium on alumina and 5 ml-
of 75 per cent acetic acid was stirred under hydregen for 24 hours at
reom temperature and atmosphefic pressure. At the end of this time 100
mg. of the same catalyst was added and hydfogenation was continued for
another 24 heurs. ‘The mixture was filtered and the acétic acid was neu-
tralized with IRA 45 (OH ). The resin was removed by filtration and the
filtrate passed over an IRA 45 (C1 ) column. The eluate was evaporated
to about 1 ml. in vacuo and paper chromatograms were run ‘in‘BAw° A sam-
ple of viemycidine hydrochleride ﬁas run on the same sheet and had an RF
value of 0.45. The.chromatograms‘were sprayed with Weber and ninhydrin

reagents. Three more 30 mg. samples of viomycidine hydrochloride were
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hydrogeﬁatéd in the sémeawayfusing five per cent ruthenium on carﬁon, five
pér.cent rhodium on alumina and five per cent rhodium on carbon.as catal-
ysts. The/work‘up was the same for these three hydrogenations as for the
first hydrogenation: All of the papergrams showed two spots of ébout
équal.inténsity‘with.RF values of 0.51 and 0.45 except the one in which
rhd@ium,on carbon had been .used. From this cafalyst, only one spot of v
EF,O:Sl.wés observed. Also, the solution from this hydfogenatiqn was
éolorless whiie the other three were.broWnisheyelléw in color. .

A mixtﬁ:e bf 206 ng: (1-0 mmole) ofrviomycidine hydrochlofide
aﬁd l.BB_g,_df‘five per cent rhodium on carbon in 40 ml. of 75 per cent
aceti'c. acid was hydrggena'i:e’d_ for four days at room temperature and at-
mospheric pressure,‘vAt.the_end’of thig time, 26 ml. of hydrégen; at
24° qﬁd 740 mm. of pressure had been absorbed (23 ml. at 8. T. P., 1.03
mméle). H?drogenation was .continued for an additional five days; about
2 ml. of h&drogen was absorbed per day and during the last day less than

l,ml..was‘abSorbed( Hydrogenation was stopped. The total uptake of hy-

’drogen was about 1:3 mole of hydrogen per mole of Viomycidine:» The

catalyst was removed by filtration and the acetic acid was neutralized
WithfiRAias,(oH*); " The resin was removed by filtfation and the filtrate
QasApéssed‘ovéf an .IRA 45 (C17) column. The eluate was evaporated to
dryﬁeS$‘i§ngggg.and about.ZOO mg. of brown solid was obtainedf Paper
chromatograms were run in BAW and sprayed with Weber and ninhydrin re-
agents. Only one spot was observed and it had thé same RF'value and had
the .same color as viomycidine. The optiéal rotation.of-the crude“prep—

aration of dihydroviomycidine hydrochloride was taken and found to be:

- .28° 5 40 o
[a] = +8.6° +1.4 (g 7.2, water).

D




The-crude“pneparation was dissolved in -about 2 ml. of water and
a saturated aqueous solution of p-hydroxyazobenzene-p'-sulfonic acid was
added. Enough of this solution was added to give a very deep red solu-
tion which indicated an excess of the sulfonic acid. An orange-yellow
solid separated and was collected by filtration. The amorphous solid -
was washed with cold water, dried undervvaduumAin.a.deSiccator and found
to weigh 197 mg. The filtrate was concentrated and a second .crop ob-
tained which was found to weigh 80 mg. A third crop was obtained by
evaporating the fiitrate and it was found te weigh 260_mg. All Crops.
were amorphous and could not be obtained crystalline.

Crops oné?and two wére combined, dissolvéd in water and treated
batchwise with IRA 45 (OH™). The colorless filtrate was then passed .

over an IRA 45 (017) column aﬁd»tge eluate evaporated to dryness in

vacuo. About 60 mg. of brown Eoléd;pemained;'fcrop three was treated

in;the:SameAWay to give 90 mg. of brown solid. All attempts to‘crys-

tallizé either crop failed. The two .crops were combined and a nuclear
-

magnetic resonance.spectrum was recorded in deuterium .oxide. No ab-

sorbance was present having a © value of less than 5.

'Attempted;ﬂxdrogengﬁionmgimGuanidoaceti¢.Acid.—— A solution of 234 mg.,

23

(2.00 mmole) of guanidoacetic acid in 8 ml. of 50 per cent aqueous acetic

acid was stirred under hydrogen at room temperature and atmospheric
pressure with 500 mg. of five per cent rhodium on carbon. . A-hydfogen
uptake of 2 ml. (0.008 mmole) could have been observed with the ap-

paratus used. No measurable amount of hyarogen was absorbed during

two days.
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7 Q—Aminepvfrélidine—zrcarbozzlig‘gg;Q”szrechlerider—— 1-Carbethoxy—-4-
pyrrelidene was prepared by the methed of Kuhn and Osswald (25). The
preparation distilled at 77-83°/0.5 m (Lit. (25) 122-132°/12 mm). &
nuclear_magnetic:resonande spectrum of the neat liquid (TMS) showed
peaks at 8.78 T (3 H, triplét,‘J = 7.1 cps.), 7.45 v (2 H, triplet,

J = 8.0 cps.), 6.37 T (2 H, singlet), 6.27 v (2 H, triplet, J = 8 cps.),
vand 5.95 1 (2 H, quartet, J = 7.9 cps.).

FQur‘identicél mi#tures were prepared which centained 372 mg.
(2.37 mmole) of l—cafbefhoxy—Afpyrrolidone, 308 mg. (4.74.mmole) of

potassium cyanide, 250 mg. (4.74 mmole) of ammonium chloride and 1 ml.
of 30 per cent aqueous ammonia (17.7 mmole) in 25 ml. 6f disiilled
methanel. After two days, the methanol was evaporated from one of the
mixtures and about 10 ml. of water was added to the residue. The aque-
ous solution was extracted with chloreform and the chleroform was washed
with 1 N hydrochloric acid. The acidic selution was made basic with po-
tassium carbonate and extracted with chlereferm. The chloroform‘was
dried over.magnesiﬁm sulfate and evaporated in vacueo to give 168 mg. of
red-brown oil. This oil showed a weak absorption at 4.5 p; The remain-
ing reactien mixtures were allowed to reacf for four, six, and nine days.
Eéchqwaé treated in the same way as the two—day_reactibn, From the four-
day reactien there was obtained 154 mg. of basic fraction, frem the six-
day reaction 232 mg. of basic fraction and from the nine-day reaction

260 mg. of basic fraétiono Each basic fractién showed an absorption at
4«5135 the intensity eof this abserptien was greatest for the nine—dayf

reaction.
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A‘mixture of‘loaOO g (0.064 mole) of l—carbethoXy—A—pyrrolidone,
8.25 g. (0.128 mole) of potassium cyanide, 6.2 g. (0.128 mole) of ammo-
nium chloride, 28.7 ml. of 30 per cent équedué ammonia, and 750 ml. of
d@éﬁilled methanol was allewed to stana for nine days. The methanol was
evaporated in vacuo and the residue“dissolved in 30 ml. of watér g&aturat-
ed with sedium chloridef,‘This solution was extracted with five Sb—mla
portions of chloroferm and the chloroferm extracted with three IOO—ml,
portions of 1N hydrochleric acid= The acidic solufion wés extracted
twide with sg—m;, pqrtiongyoffchlqréform and then made basic with sodium
bicarbenate. The solution was saturateéd with sedium chloridé and ex-
tra§t¢a with five 100-ml. :pka.i'ﬁi‘ons‘-A_éf’.éhlor@fomn Both chloroform ex—
tracts were dried éver.magnesiﬁm éuifafe and evaporated to dryness in

vacuo. The neutral fraction weighed 1.07 g. and the basic fraction

weighed 9.1 g. (78%, crude yield).

A solutien of 3 g. of the Basic fraction in 150 ml. of 6 N hydro-
chleric acid was beiled under reflux for'6O hours. The solution was
evaporated to about 30 ml. in ﬁgggg ana neutréiized with dry IRA»AS (oH™)
in abselute ethanel. thanol was evaporated, in vacue, five times from
this mixture te remeve ammonigo The last ethanol mixture gave a negative
test with Nessler's reagent. The amino acid was washed frem the resin
with water and the selution was passed over an IRA 45 (C17) column. The
eluate was evaporated to about.20 ml. in vacue and the resulfing black
solution was decolorized with acid-washed charceal. The suspension was
filtered and the filtrate was evaporated te dryness in vacuo té give
2.43 g. of méterialu Crystallization from water-ethanel affordedﬂia85 g-

of light gray néedles (54%, based on starting ketone). An analytical\

-
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sampleiwa$ prepared by three crystallizations from water-ethanol, m. p.

330-346° dec. (corr.).

fnal. C.H _N,0,Cl Cale'd: C, 36.04; H, 6.65; N, 16.81

57117272
(151.60) Found : G, 35.71; H, 6.68; N, 17.16

The amino acid had RF values of 0.45, 0.52 and 0.24 in BAW, PAW,
and PW respectively and gavé a purple color with the ninhydrin reagent.
It had pKa values of 6.5 and 10.1 in water as shown by potentiemetric

titration. The pKa value of the acidic group was not determined (34).

- A nuclear magnetic resonance spectrum of the amino acid in deuterium

oxide (DSS) (¢ 15%) showed four‘protons in a group of six peaks near
7.4 T and two protons in a group of six peaks near 6.2 T.
The benzoyl derivative of 3-aminepyrrolidine-3-carbeoxylic acid hy-

drochloride was prepared by a general method fer the preparation of N-

~ benzoyl amine acids (17).. Thegamino_aCid (OQBOG go; 3.03 mmole) was

dissolved in 2'N sodium hydrqxide'(Bgl ml.). Alternately there was added

to this solution 1,740 g. (124 mm@lé)'éf benzoyl chloride in five por-
tions and 6QL ml. 05‘2 ﬂ'sediﬁm hydroiide in five portions such that the
reactién1giitﬁrehfeméined alﬁéliﬁea ;Tﬁe reaction was stirred magnetical-
ly.threughout the addition’and for an additienal 30 minutes. The solu-
tion was acidified with concentrated hydrochloric acid and éxtracted with
ether. The ether was evaporated to dryness in zgggg‘and the residue was
heated under reflux with 10 ml. éf carbon tetrachloride te dissolve ben-
zoic acid. The white residue was crystallized from 50 per cent aQue@us-

ethanol to give 350 mg. (34%) of white needles, m..p. 222-225° (corr.).

The benzoyl derivative was crystallized twice from 50 per cent ethanol
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for analysis, m. p. 223-225° (corr.).

Cale'd: G, 67044; H, 5.36; N, 8.28
Found : C, 67.27; H, 5.24; N, 8.18

G109t 8129,
(338.37)

Anal.

The infrared spectrum of the dibenzoeyl derivative, in a potas-
sium bromide pellet, showed strong abserbance at 5.80 p and 6.08 .

The nuclear magnetic resonance spectrum in deuterium oxide (DSS)

(¢ 10%) with potassium carbenate added to effect solution showed peaks

at 2.47 v (10 H, singlet), 5.93 = (4 H, poorly resolved multiplet) and
7.40 © (2 H, poorly resolved multiplet).

A saturated agueous solutioh of p-hydroxyazobenzene-p'-sulfonic

acid (PHABS) was added to a solution of 100 mg. (0.066 mmole) of 3-amino-

pyrrolidine-3-carboxylic acid hydrochleride in 0.5 ml. of water.  Enough

PHABS solution was added to give a deep red solution. The mixture was

heated te boiling and enough water was added to give a clear solutien.

On cooling, yellow plates formed and these were collected, m. p- 256-260°

dec. (corr.). An dnalytical sample was prepared by cfystallizing thé PHABS

derivative twe times from water. With each crystallization, 1 ml. of sat-
urated agueous PHABS solution was added te the hot water sélution of the
PHABS derivative. Excess PHABS was removed by washing the crystals with

15 1-ml. portions of distilled water.

29H30M60705, Cale'd: GC, 50.72; H, 4-4d; N, 12.243 S, 9.34
(686.72) - Found : C, 50.00; H, 4.42; N, 12.37; S, 9.54

Anal. C

A solution of 500 mg. (3.87 mmole) of l—aminocyclOpentanécarbox—'

ylic acid and 325 mg. (7.75 mmole) of cyanamide in 25 ml. of redistilled
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1-butanol was heated under reflux for 48 hours. The solution was cooled
and allewed te stand at roem temperature. The resulting.white‘crystals
were collected, washed with ether, and found to weigh 71 mg. (8%), m. p.
313—3150{ The compoﬁnd was crystallized twice from l-butanol for anal-
ysis, m. p°,320r321o (corrn)° Some sublimatien was observed starting at
2700. The infrared spectrum of this compound as a nujel mull showed a
strong abserbance at 6.01 y with a §houider at 5.83 p. The compeund gave

negative testsbﬁith ninhydrin and Weber reagents.

Anal. C,.H. N.0 Calc'd: C, 64.84; H, 8.16; N, 12.61

127187272 3
(222.28) Found : C, 64.72; H, 8.13; N, 12.82
Oxidatien of Viomycidine.-- A solution of 20 mg. (0.093 mmele) of viemy-

cidine hydrechloride, 5 ml. of wéter, and 9.3 ml. of 0.1 M silvef per-
manganate was allowed to stand at room'temperatufe for 24 hours. The
manganese dioxide and silver'OXide were removed by filtratien and five
-per cent hydrochleric acid was added to the colorless filtrate. The re-
sulting precipitate was removed by’filtration, and the filtrate was heated
on the steam bath fer 30 minutes. The acidic solutien was neutralized
with.iRA 45 (OH™) and the eluate frem this resin was passed over an IRA
45 (C17) column. The eluate from this column was evapoerated te dryness
.ig vacuo and paper chremategrams were run on the résidue» In'BAW, the
material had R values of 0.66, OLB@’and 0.20 with ninhydrin reagent and
0.66, 0.51 and_OeBO with Weber reagent. In PAW, the material had R,
values of 0.51 and 0.45 with ninhydrin reagent and 0.57 with Weber reagent.
Guanidesuccinic acid had RF values of 0.51 and 6071 in BAW and PAW respec-

tively.




Four reactiens were run using 20 mg. (0.093 mmole) of viemyci-
dine hydrechleride and 18.6 mle, 9.3 ml., 4.7 ml., and 18.6 ml. of 0.1
M silver permanganate. The first three reactions were carried out at
75° for 40 tours, 6 hours gnd.B hours respectively, at which times the
solutiens were discolored. The last reaction was carried out at 25° for
48 hours and.fivé per cent feormic acid.was.added to decempose excess per-
manganate. Each of these reactions was.treated in the same way as the -
previeusly descfibed reactién. Paper chromategrams were run'énd found te
Ee very complex. No spat which was Weber-positive, ninhydrin-negative
anq whichrhad the same RF value as guanidosuccinic acid was observed in
either BAW or PAW.

A selutien of 10 mg. of vibmycidine hydrechleride and 0.5 ml. of

1:1 (v/v) nitric acid was‘heated on a steam bath for ene hour. After

.evaporating the solution te dryness in vacuo, paper chromatograms were

- run on the residue in BAW and sprayed with Weber reagent. Guanidine hy-

drochloride and guanidesuccinic acid were run on the same sheet. No

spot of the same'RF value of guanidosuccinic acid (0.51) was observed

~for the oxidatien mixture but a spot of the same RF value (0.66) and

coler (orange) as guanidine was observed.
| A solqtién.of lp mgufof;guanidGSuccinié'acid in 0.5 ml. of 1:1
(v/v) nitric acia was freéfed in the manner aescribéd‘and showed only a
spot ofiRF 0.66 iﬁ'BAw.whén sprayed with Weber reagent.
A solution of 10 mg. (0,048 mmole) of viomycidihe hydrechloride
and 5-ml.;of'ghe per cent potassium permanganate in ten per cent sulfuric
acid was heated to 60° and held at this temperature fer ten minutes.

Oxalic acid was addéd to decompose the excess permanganate and the
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solution was heated on a steam bath for 30 minutes. The solution was
cooled to réom temperaturé; Earium'carbonate was added to neutralize sul-
furic acid and precipitate sulfate and oxalate iens. The mixture was fil-
tered and the'filtrate was evaporated.to dﬁyness in vacue. 'A_paper
chromatogram was run in BAW with guanidesuccinic acid on the‘same'sheet.
The chromﬁtogram was.sprayed with Weber and ninhydrin reagents; no spot
developed with the ninhydrin reagent. ‘With the Weber reagent, RF values
of 0.61, 0.51, 0.37 and 0.25 were observed. Guanidesuccinic acid had an
ﬁF value éf 0.51. |

To a solution of 500 mg. (2.43 mmole) of viemycidine hydroechloride

:_in 12 ml. of watér was added 100 ml. (6.3 mmolé) of one per cent potas=
‘sium permanganate in ten per cent sulfuric acid. The solution was heated
te 60° and held at this temperafure'for fen.minutes.. Oxalic acid was

- added to reduce the excess permangénate?and the solution was heated on a

steam bath for 30 minutes. The solution was cooled to room. temperature;

barium carbonate was added to neutralize the sulfuric acid and precipitate

sulfate and oxalate iens. The suspension was heated on the steam bath for

five minutes to ensure.precipitation.and the mixture was filtered. The

filtrate Qas évaporated to to dryneés in vacuo énd the residue weighed
0.67 g.

This material was slurried with 2 ml. of BAW and applied to a cellu-
lese column which was 102 cm. high, 1.8 cm. inside diameter and contained
135 g. of cellulese. Fractiens were collected which contained about 2.5
ml. each. These fractions were evaporated at 90° andbdried in a desicca-
tor under vacuum overnight. About 0.5 ﬁl. of water was then added to each

fraction and chromatograms were run in BAW and sprayed with Weber reagent.
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Table 1 summarizes the data obtained. The RF values of guanidinosuccinic
acid and viemycidine hydrochloride were found to be 0.51 and 0.25 respec-

tively in BAW.

Table 1. Oxidation of Viemycidine; Cellulose Chromatography

Pooled Weight, Wt. (mg:

) (BAW) Weber Color

Frac- Fraction grams /tabe RF

tien Number

1-6 1 . 0.010 1.7 Blank &

7-11 2 0.049 9.9 0.61 - Pini

12-17 3 0.089 14,8 - 0.61,0.55 Pink,yellow
18-21 4 0.053 13.2 0.61,0.55,0.51 Pink,yellow,pink
22-29 5 0.083 '10.3 0.61,0.51 Pink, pink
30-38 6 0.075 8.3 0.61,0.51 Pink, pink

39-42 7 0.019 4.9 0.61,0.51,0.37 Pink, pink,brown
43-49 8 0.024 3.4 0.37 Brown

50-60 9 0.028 2.5 0.37,0.25 Brown, pink
61-78 10 0.037 2.1 0.25 Pink

79-120 11 0.207 5.0. 0.25 Pink

:

Pépér chromatograms were run on pooled fractiemns 5, 6, and 7 in
BAW, PAW, and PW and~sprayed with Weber rgagent._ Guanidinosucecinic acid
was chromatographed on the same sheets; The__RF values for fractions 5.
and 6 were the same. These.Value§_wé%é 0.05, 0.63 and 0.92 (FW), 0.61
;nd 0.51 (BAW), and ©.70 and 0979H(PAW).‘fTheuRfVValﬁeéhfor guanidino-
succinic acid were 0,33, Q«ﬁl, and 0.71 in PW{ BAw; gnd PAW respectively.

Fractiéns 5 and 6'Wefg”coﬁ5iné§_(i587mga) and dissolved in lO‘
ml. ef satufated aqueous barium h&dro#ide solution; the selution was
heated on a steam bath for 24'hoﬁrsu 'The'soléfion was‘coeled tgvroém

temperatufe and acidified with 1 N sulfuric écid. Barium carbenate was

added to neutralize the sulfuric acid and precipitate sulfate ions. 'The,
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precipitate was removed by filtration and the filtrate was evaporated to
~dryness in vacue. Papeg‘chromatograms were run in BAW, BAW and PW with

‘ aspaftic acld en the sam; sheets. The chromaéograms were sprayed with
ninhydrin reagent. The RF values for the hjdrolysate were: 0.32 and 0.48

(PW),0.50 and 0.65 (BAW), and 0.44 (PAW).. The Ry values for aspartic acid

were 0.19, 0.28, and 0.77 in PW, BAw,land,PAw respectively.

Prépafation éi’Guahidosuccinig Agi@.-;“-The'method employed for the prep-
aration -of guanidesuccinic acid was a modification of the method of Morgue
(26). To a solution of 5.000 g. (0.037 mole) of aSparfic acid in 27 ml.
(0.4 mole) of concentrated ammenium hydroxide was added 13.600 g. (0.075
mole) of §—ethyl-i§g—thiburea hydrbbromide (27)° The solutien was.allowed‘

to stand at reeom temperature for two daysn

The QH was then adjusted to 3.3 with concentrated hydrechleric acid.

The temperaturé of the solution was maintained between 150 and 30° during
the neutralizations The selution was cooled and the white crystals which
formed were collected. .They ﬁere dissolved in concentrated ammenium hy-
droxide and the pH was adjusted to 3.3 with concentrated hydrochloric acid,
keeping the temperature ‘between 15° éhd 30°. After ceoling the solutien,
‘the crystals which formed were cellected, washed wifh,cold water, and air
dried. There Wastobtainedré g. (31%) of material. An analytical sample
was prepared by the same procedure but using distilled, constant boiling
hydrochleric acid. The white crystals were collectéd and washed>with cold
distilled water to remove hydrechleric acid and ammenium chloride. The
analytical sample was dried.at reom temperature and 0.3 mm. for 48 hours.

Tt was a white crystalline solid, m. p. 175° (lit. (26). 175°).if the hot
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Ozonolzsié of Acétzlviomycidjneo—f Ozone génerated by a Welsbach Model
T-QS ozone generator was bubbled through a solution of of 50 mg. (0.24
mmole) of acetylviemycidine in 12”m1. of distilled water for one hour at
5—100. Niﬁrogen was then bubbled through the solution to remove ozone;

the solution was then added to a solution of 3 ml. of 30 per cent hydrogen

‘peroxide and five drops of concentrated sulfuric acid. The resulting solu-

tion was heated under reflux for two hours, codled, and neutralized with

IRA 45 (OH ). The resin was removed by filtration and the filtrate was

passed over on IRA 45 (Cl_) column. The eluate was evaporated to dryness
in vacuo and paper chromatograms were run in BAW énd sprayed with ninhydrin
and Weber reagents. Four épots were observed of RF 0.0, 0.24, 0.38 and
0.57. All spots gave a positive test with both spray reagents. Acetyl-
viomycidine and viomycidine were run on the same sheet and had RF’values‘
of 0.57 and 0.31 respectively. All attempts to crystallize the residue
failed.

The residue was diséolved‘ih-5 ml. of aqueous saturated barium hy-
droxide solution and heated oﬁ_a steam bath for 48 hoﬁrso The reaction
mixture was éooled to room temperature and 1 N sulfuric acid was added
until the pH of the solution was about 2. The mixture was centrifuged
and the sﬁpernatant liquid was neutralized with IRA 45 (OH ). The resin
was removed by filtration and the filtrate was passed over an IRA 45 (C17)
column. The eluate was evaporated fo dryness in vacuo to leave 40 mg. of
white-brown solid. The solid was dissolved in 0.5 ml. of water.and paper
chromategrams were run in BAW, PAW, and PW. A sample of ra,, B-diaminopro-

pionic acid was run on the same sheet in each solvert system. The
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chromategrams were sprayed with'ninhydriﬁ reégént and the material from
acetylviomycidine shGWedeF values of 0.64 in PAW, 0.14, 0.25, 0.36, and
0.50 in PW, and 0.38, O.5O,Iénd 0.66 in BAW. a, B-Diaminopropionic acid
had R, values of 0.54 in PAW, 0.10 in P, end 0.31 in BAW. A pink color
developed at room tempefature witﬁ a,ﬁﬁfdigminopropionic'acid while ne

such behavier was observed with the material frem acetylviomycidine.

Properties of Pvrrole—g:carbcxvliciAcid,—; :Commercially available pyrrole-
2-carboxylic acid was crystallized ffom benzene to give white plates, m. p.
187-189° dec. (corr.) (1it. (28) 191-192°). The melting"behavior was de-
pendent on the rate of heating and'iﬁﬁthelhgt stage was allowed to cool
after decoﬁposition_had starﬁéd;,decomposition would centinue even at 160°.
Pyrrole-2-carboxylic acid gave an intense purple celer with the Erhiich

reagent.

Préparation and Properties of Pvrrole—j;carboxylic‘Acid.—— Pyrrole-3-

carboxylic acid was prepared by a modificétion of the method of Rinkes
(29). Aminoacetaldehyde hydfochloride was prepéred by the methed of |
Fischer (30).  The nuélear_ﬁagnetic resqnahce spebtrum of the aminoacetal,
as the neat liquid (TMS), showed'péaks'af 5.63 © (1 H, triplet, J=5.5
eps.),6.45 © (4 H, tuo almést‘sﬁperimposed quartets, J = 3.7 éps.), 7.37 ©
(2 H, doublet, J - 5.5 cps.) and 8.87 = (6‘H,'triplet9,J = 8.0 ep®- and 2 H,
singlet); To & solution of 50 g. (0.38 mole) of aminoacetai in 18 ml. of
water was added 300 ml. of concentrafed hydrechloric acid at 0-5°. The
resulting red solution was allowed to stand at room temperature for four
heurs; Qatér‘and hydrechleric acid were remeved by evaporatien in vacuo

at 35°. The nuclear magnetic resonance spectrum of the resulting red eoil




36

v

was determined in deuterium oxide solution (DSS) and showed peaks &t 4.58 1

(1 H, triplet, J = 5.5 Cpsf) and 6587 T“(2 H,_doublet, J = 5.5 cpso),"

To a solution of 1655 g,'(O°O5 mole) of thé.sodiﬁm-éalt of diethyl
oxalylacetéte and 6.7 g. (0.12 mble) éf potassium hydrexide in,yéO,ml° éf
water was added a solution of 9 g. (0.1 mble) of‘aminoaceféldehyde hy-
drochloride in 50 ml. of water. _The‘addition was carried out at 0-10°.
The reactien mixture was allewed to étand at roem temperafure for six
hours and then cobled and acidified with 6 N hydrochloric acid. The
acidic selutien wés extracted five times with chloroform, the chloroform
was dried over mégnesium sulfate, and the chleroform was evaporated in
vacuo. The resulting brown solid‘was crystallized from 50 per cent ague-
ous ethanol té,giVe 145 g (18%) of 3-carbethoxypyrrole-2-carboxylic
acid, m. p. 148-149° subl. (corr.) (lit. (29) 146-147°). The nuclear
magnetic resonance spectrum of the ester-acid was defefmined in deuterium
oxide solution (BDSS), with ahhyarous pptassium carbonate added to effect
solution. It showed peaks at 3.08 t (1 H, doublet, J = 2.8 cps.), 3.38 ©

7.3 cps.), and

(1 H, doﬁblet,'J = 2.8 cps.), 5.68 v (2 H, quartet, J
8.67 v (3. H, triplet, J = 7.0 cps.).

A mixture of 1.1 g. (6i5 mmole) of 3—¢afbethoxypyrrole—2-carboxylic
acid, 5 ml. of freshlyidistilléd‘quinoline,_and 500 mg. of copper chromite
catalyst was heated in an oil bath. The copper chromité cétalyst was
prepared by the methed of LaZier_(Bl)n A gas was evolved at 160° and the
temperature was slowly raised to 200°. The temperature was maintained at
200° until no more gas was evolved. -The mixture was allowed to cooel to

room temperature and 20 ml. of ether was added. The catalyst was removed

by filtration and the filtrate was washed with 1 N hydrechleoric acid to
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removedquinoiine.. The ether solution was washed’with water, dried ever
magnesium sulfate,_and evaporated to dryness in vacue. The brown eil |
which remained weiéhed SAb.mg. A nuclear magnetic reéonance spectrum was
determined in carbon tetrachloride chloride solution (TMS) and showed
peaks at 2.59 T (1 H, poorly resolvedvmultiplet), 3.31 1 (l H, poorly
resolved multiplet), 3.41 t (1 H, poorly reselved multiplet), 5.75 T
(2 H, quartet, J = 7.0 cps.), and 8.72 1 (3 H, triplet, J = 7.0 cps.).
A solution of 460 mg. of crude éthyl‘pyrrolefB—cafboxylate in

3 ml. of ethanel was heated on a-stéam bath for 2.5 hours with a solu-
tion of 2 g. of potassium hyd;bgide'in 5;ml. of water. The solution
was evaporated to dryness in zgggg.\:Conéentréted hydréchloric acid
was added and the mixture was extracted six times with:anhydroﬁs ether..
The ether was dried over magnesium sulfate and evaporate& to_&rynesé in
vacuo. The residue was crystallized from benzéne to give 220 mg. (33%

' from 3—carbethoxypyrrole52—carboxylic acid) of white needies, M. Po
146-147° corr. (11t. (29) 147-148%). Pyrrole—2-carboxylic acid gave an

intense purple color with the Erhlich reagentJ

Barium Hﬁdroxide Hvdrolysis:gitVioﬁzcidiﬁe.—— A solution of 100 mg.

(0.49 mmole) ofvviomycidine hydrechloride in 10.7 ml. of éaturated ague-
ous barium hydrexide solution was heated en a steam bath for 77 hours .
Sulfuric acid-washed nitrogen was: passed over the solution; evelved
bases were trapped by allowing the effluent nitregen te bubble through
about 100 ml. of 1 N hydrochloric acid during the reactien. The acidic

solution was evaporated to dryhess in vacuo and the residue was dis-

solved in 0.5 ml. of wagyer. The nuclear magnetic resonance spectrum of
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this solution (TMS, external sﬁandard) shewed ne peaks above 5 t. Two
sharp peaks of equal intensity were observed at 1;95 T and 2.75 T. -

The alkaline reaction mixture was cooled to room temperature'énd
centrifuged,. The'élear solutienVQas passed over an IRC 50 (H+) celumn,
and the eluate was evaporated to dryness in vacuo. Approximately iOO mg.
of tan solid was obtained. This selid was stirred with het abselute

ethanel and the mixture was centrifuged. The ethanol solution was evap-

~orated to dryness ;g vacuo; the resulting selid was heated under reflux .

with 8 ml. of dry benzene for one‘hour; The .benzene suspension was cen-
trifugéd and the benzene was goncehtrated to»about”Z ml. The. solution
was ceoled and the resulting wﬁite‘cryétals were collected and air-dried,
12 mg., m.‘pg 170—1759 dec.). The melting behaviér was dependent on the
rate of heating and if the het stage was allowed te cool after decomposi-
tion had started decompesitioen would centinue even at 160°. This com-
pound was found to give an intense purple celor with the Erhlich reagent.
The infrared spectra of pyrrele-2-carboxylic acid, pyrrele-3-
carboxylic acid, and‘thebcompound:frem viemycidine were taken using po-
tassium bromide pellets. The ultravielet spectra of the unknown com—
pound, pyrrolefZ—cérb@xylic acid, and byrrole—B—carboxylic acld were
recerded in 95 per .cent ethanel selutien. The respective absorptions
were: Kmaxo 260 My € l0,00Q; Amaxo 261 H@u €, 11,000; and Kmaxo 245 my,
€,4,300, respectiﬁelyoblThe nucléar magnétic resenance spectra were re-
corded in deuterium oxide solutiens (¢ 1.5%) (TMS, external standard).
The unknown compéund and pyrrolé—Z—cérboxylic acid showed peaks at 2.98 T

(1 H, mltiplet), 3.18 = (1 H, miltiplet), and 3.68 v (1 H, multiplet).
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Pyrrole—3—carboxylic acid showed peaks at é{38 t (1 Hyr multiplet), 3.05 <
(1 H,.multiplet), and 3.33 © (1H, multiplet).

A paper chromatogram of the unknown compound Was run in a solvent
system composed of;l—butanol, acetiq acid, and water in a ratio of 5:4:
1 (v/v) respectively. Pyrrole—Z—éa%boxYlié*aﬁid and‘pyrroléeB—carboxylic
acid\were run on the same sheet; Thé chfomaﬁograms were sprayed with
Erhlich's reagent; The unknown and‘byfr01e42—cafboxyiic écid showed one
brewn spet, RF value of ®a75; ,Pyrfole—B—darboxylic;agid showed-one_purple

spet with an Ry value of 0.71.

Sodium Hydroxide Hydrolysis of Viemycidine.-- In a sublimation apparatus

was placed 100 mg. (0.49 mmole) of viemycidine hydrochloride, 3.7 g. of
sodium hydroxide pellets and seven drops of water. The apparatus was
placed in a sand bath at 80° and the temperature was slewly raised to
_lOOo¢ When no mere sublimate appeared,-héating was stoppedn The time
required was about one hour. The sublimate was dissolved in.about‘ZO,mln
of 0.1 N hydrechloric acid and the ultraviolet spectrum was recorded.
About 1 mg. of authenié 2-aminopyrimidine was dissolved in 20 ml. of 0.1
N hydrochleric acid and the ultravielet spectrum was recorded. Both spec-
tra showed maximum absprtions at 301 mp and 226 mp. The shape and in-
tensity of the two peaks was the same for each spectrum. The literature
values for 2-aminepyrimidine are 301 mu, £, 4,000, and 221 mu, £ , 15,000,
in 0.1 N hydrochloric acid (32).

“The.alkaline reéction»mixttre was cooled to room temperature and
dissolved in 30 ml. of water. The solution was passed over an IRC 50 (H+)

column and the eluate was evaporated to dryness in vacue. About 145 mg.
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of tan solid was obtained. The solid was heated under reflux with 10 ml.

of dry benzene for 30 minutes. ?he het suspension was centrifuged and the
benzene solutibn was evaporated £o dryness. The benzene-soluble fracﬁion
was disselved in 50 ml. of 95 per éent'ethanol and the ultravielet spec-
trum was recorded. The compound exhibited a peak at 261 my with an ab-
sorbance of 1.3.

The benzene-insoluble materiél wés diéselved in 2'ml. of water
and paper ghr@matogfams were run~on-the éeiﬁtibn; glyCine'waé run on the
same sheet. There was one ninhydrin—pos}tive spot with the same R, value
as glycine in each of four solvent’Systems5 The solvent s&stéms used
were: BAW, 77 per cent ethanol-water; t-amyl alcohel, g—prépyl alcohol,
4:1:1 (v/v); and a phosphate buffer composed of a 1.5 M solution of(
sodium dihydrogen phesphate with enough 1 N hydrochleric acid added f@
make the solution pH 6. The HF values for each solvent system were O§52,
0.27, O.il and 0.24 fespecﬁivelyn The nuéleaf magnetic resondnce spectrum
of the benzene-ihsoiuble material was recordea in water selution (TMS
eiternal standard( and showed peaks at 6.21 7 and 6.13 . Glycine in
water solution (TMS external standard) showed a éiﬁgle peak at 6.35 1.

To a solution of the benzene-insoluble material in 2 ml. of water
containing 125 mge of sedium bicarbénate wéé added a selutien of 125 mg.
df 2,4—dinitroflubrobenzene in 4 mlo~6f abselute ethanel. The reaction
mixture was stirred magnetically for twe hours at room temperature and
placed in the refrigerator for 12 hours. The. ethanol was evaporated in
vacuo and 1 N hydrochleric acid was added to the residue. The aqueous
suspension was extracted with twe 20 ml. portions of benzene, which pre-

dominately removed 2,4-dinitrephenel and excess 2,4—dinitr®fluofobenzeneo
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The aQueous solufion was then eitracted with ethyl acetate until the ethyl
acetate layer was no‘longer yellow., The ethyl acetate was dried over ﬁag—‘
nesium sulfdte énd evaporated to dryness in vacue. The residue was crys-
tallized from water and gave 1 ng. of yellow needles, mu‘p. 194-198°

dec. (corr.). Authentic 2,4~dinitrophenylglycine was prepared and crys-
tallized in the same way, m..p.o’l95—2OOo dec. (corr.). . (Lit. (17) 200-
2010). Paper chromatbgrams Were run on the 2,4-dinitrephenyl derivative
of the materizl from viomycidine"and 2,4—dinitrophenylglycine. The same
RF_value (yellow spot) was observed in BAW, 77% ethanol—ﬁater and the
phosphate buffer.. The-RF Values‘for each solvent system Qere 0.50, 0.48
and. 0.55 respectively. The infrared spectrum of 2,4-dinitrophenylglycine
and the 2,4-dinitropheﬁyl derivative of %he materiél frem viemycidine,

in peotassium pellets, was recorded.

Acetyl-dl-Preoline.-— Acetyl-dl-proline was prepared, as previously re-
corded (17). In trifluoroacetic acid seolutien (TMS) (¢ 25%), the nuclear
magnetic resenance spectrum of acetyl—dl—pfoline showed peaks at 4.92 T
(1 H, triplet, J = 6.0 cps.), 5.03 v (2 H, triplet, J = 6.5 cps.), 7.40 <

(3 H, singlet) and 7.52 © (4 H, poorly resolved multiplet).

Hcetylpyrrolidine.—- At 15°, 75 g. (0.75 mole) of acetic anhydride was
added dropwise to 35 g. (0.50 mole) of pyrrolidine. After the addition
the solﬁtion was heated on a steam bath for 30 minutes. ‘Five per cent

sodium bicarbenate solution was addéd te decompose the excess acetic an-
hydride and neutralize acetic acid; the mixture was extracted with chle-

roform. The chloreform solutien was washed with five per cent hydrechleric

- -
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acid, dried over‘magnesium sulfate and evaporated jin vacuo. The residue

was distilled, giving 20 g., b. p.a120:1220/30 mm (1it. (33) 108°/15 mm),
O .. . -

DEO = 1,4780 (1it. (33) 1.4778). The infrared spectrum of acetylpyrro-

lidine showed a strong peak at 5,951p. The nuclear magnetic resenance

- spectrum of aéetylpyrrolidineg as the néatvliquid‘(TMS), sh owed peaks -at

6.64 © (4 H, multiplet, J = 3.5 cps.), 8.08 © (3 H, singlet) and 8.13 <

(4 8, triplet, J = 3.5 cps.).
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' - .. DISCUSSION . i

Functional Groups in Viemycidine.== Structure I was proposed for viomy-
cidine early in thié research. Many of the experiments undertaken were

designed for the_pgrbose of gaining evidence. for or againstbthis struc-

1Viomyc;dine‘hydrochloride was fbund to have the formula CéHlONAOQ.
HCl’by eleméntal ahalysisa The - absence bf O-CHB, N_CHB’ C-CH3 and primary
amino groups was ihdicated by analysis (6).. From the fermula it is seen

that viemycidine has feur rings and/or deuble bonds. The optical rota-

. tiOnuof‘viomycidine varies With.the pH of the Solution,'béing -21° in

acid solution, -83° in water and -135° in basic solution (6). Viomyﬁi-
dine has pKax‘valheg of 2.8, 5.87 an§ l3.4 in;éé per cent dimethylforma-
mide and 5.50 and 12.6 in water (6). It waS'not possiblé to determine .
the pKa value of’the mQSt strengly acidic functien in water by the method
used. The pKa vaiue of an acidic group is less in water than in 66 per

cent dimethylfermamide. For example, the pKa values in water and

¥ [Bee footnote on page one.
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dimethylformamide respectively for the following amine acids are: lysine,
2.18 ana‘3.70 (34); glutamic acid, 2.10 and 4.00 (34); alanine, 2.45 and

4.30 (34); and streptolidine (II), 2.50 and 3.95 (35).

. H - '
HOOC7_TJID—CH2NH2
- oK
H—1
\/V

NHé

II

From these data, the lowest pKa value fof viomyecidine in water is esti-

mated to be about 1.3. The pKa values for the carboxylic acid group of

normal g-amine acids in water are 2.3 t ) (17)- The,gKa'#alues iﬁ_water

for the:carboxylic acid group of Qrﬁiﬁhine (aév—diaminovaieric acia) and
_a,B4diaminopropionic-acid,ltwq aminoe acids which contain two basic cen-
ters, are 1.94 and 1.39 respectively (17)» Iﬁ fhese amino acids, the
basic centers are not toe distant.from the carboxylié acid group. When
~the second basic center is further.frém the carboxylic.acid‘group, as in
arginine and lysine (QKa value of 2.18.in'water for each); the acid is
of about fhe'same_strength as’for normal a-amino acids. It is veryuﬁn-
likely that theré could be ‘any group in viomycidiné with the observed
pKa value except_a carboxylic acid group.

The pKa value of 12.6 in water and 13.4 in 66 per cent dimethyl-
formamide indicates the presence of a strongly basic.functional group
in viemycidine. In water the guanidine groﬁp of arginine has a pKa value

of 13.2 (17) and ﬁhevguanidine‘group of streptolidine (II) has a pKa
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value ofgll.BO.(BS)- In 66 per cent'dimethylformamide the guanidine groups
of a- ana p-guanidinopropionic acid have pKa values of 14.7 and 14.5 re-
spectively (34). 1In 66 per cent dimethylformamide_the guanidine group

of streptolidine (II):has a pka value of 12.65 (35). of fifty-six amine
acids, none has a pKa Valﬁelgfeater thﬁh 10.7 unless the amine acid cen-
tains a guanidine group (17). Therefore, the observed pKa value of 12.6
strongly indicates a guénidine gfoupvin viomycidine.

 The pink color observed with viemycidine and the Sakaguchi re-

" agent .indicates the presence of a mono-substituted guanidine group since

the Sakaguchi reagent is specific for mono-substituted guanidines (9,17).
Meﬁhyiguanidine, érginine, guanidinoacétic acid, a—guaﬁidinopropiQnic
acid, B—guanidinopropionic acid, a—guanidiﬁobu%yric acid and B-guanidi-
nebutyric acid each gaVe a pink coelor with the Sakaguchi reagent. This
color was stable forjat least thirty minﬁtes. Creatine, creatinine,
1,2,3—triphenylguani§ine and guanidine failed to give a coler with the
reagent and 1,3-diphenylguanidine gavé a gray coler with'the réagento
The_Weber reégent for guanidine is not as specific as the Sakaguchiure-
agent, giviné an erange-pink coler with acetamidine and S-ethyl-iso-
thiourea as well as éiving a pink coler with .substituted guanidines;
guanidine gives an orange color with‘this reagent. However, a pink coler
as given by viemycidine, usually indicates a'méno— or N;N‘—di—substiﬁuted
guanidine. Tri-substituted and N,N;diésubétituféd guanidines usually
gi&e no celer or a blue color withjihe>Weber reagent (9, 36).

With the assignment of carbeoxylic acid and mono-substituted guani-

dine groups to viomycidine there remains a C,H.N moiety te account fer.

4Hs

Two sites of unsaturatian have been assigned, leaving twe rings and/or
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doubie bénds. Although no pure dihydroviomycidine ceuld be isolated,
viemycidine did absorb about one mole of hydrégen per mole of viemyci-
dine. This indicates the presence of one double bond and one ring in
viemycidine.

It has been found that the ultraviolet absorbance of the free base
of a tertiary amihe is considerably greater than the absoerbance of the
conjugate acid. (7, 34)- With primary and éecoﬁdary amines this dif-
fereﬁce in absorbance-@f the two species is. not nearly as pronounced.
This furnishes a convenient method for determining if a given basic group,
within a melecule Qontaininé other ionizable groups, is a tertiary amine
or not. The method consists of determining the ultravielet spectrum of
the amine in a solution whose pH is<aboﬁt two pH units higher than the
pKa value for the amine. The ultraviolet spectrum of the amine is then
determined in a solufion whose pH is about two .pH units lewer than the

pKa value for the amine. .The spectrum of the sélution,of lower pH is

‘then subtracted from the spectrum of the solution of higher pH, effec-

tively giving the difference in absorbance of the basic and acidic forms
of fhe amine. With some terfiary amines a maximum in the absorbance is
observed at about 210 my when the determinafion is done'in this way. With
othér tertiary amines ne ma#imum is observed but rather just a iarge ab-
sorbance. Table 2 summarizes some data oEtained in this way. -

Viomyéidine exhibits xmax_ of 210 my, £ , 2,400 when the ultraviolét
spectrum of the acidic form ef the group with a pKa value of 5.50 is
subtracted from the ultravielet spectrum of the basic form of this

group.

. _ e




Table 2. Differential Ultraviolet Spectra of Some Tertiary

Amines.
Compeund Kmaxov' £ : Ref.
N—CH; 2Lk my 2300 o - (34)
—CH, . 213 my 1600 (34)
S 2l5m o 3100 - (34)

at 210 my

(NO-CHy~CHy Dol v v v v v e 2000 ( ) (7)
(NC-CH,~CH,) ) ,N-CH,CHy. + « + « . 793 (at 210 my) | (7)
* NC-CH,~CH,-N-(CHy-CH )p. + © - - 718 (at 210 my) (7)
(NC=CH, ) N-H. « + « «o ¢ o o o . 133 (at 210 my) (7)
(CHBCH2)2N—H ,,,,,,,, . o 134 (at 210 my) (7)
CHyCH,-NH, . « . . . . . .« » .+ 101 (at 210 my) (7)
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The stability of A'-pyrrolines have been previously investigated
(23, 37, 38). One of the methods of synthesis of A'-pyfrolines involves
heating a y-aminealdehyde or kéténe with 6 N hydrochloric acid for several
hours. A'-Pyrroline itself has Beén shown to be stable at 100° in a solu-
tion of pH 1 for at least eight minutes. No loss of A'-pyrreline was ob-
served during this time so A';pyrrOIiﬁe would probabiy be stable for longer
periods of time, although this was not reported (23). In this work it has
been found that A'—pyrréline in triflueroacetic acid éolution undergoes
no change during at least one week. Frém this discussion it is seen that
the stability of A'-pyrrolines teward acid would net ‘exclude the ‘prese.nce
of a A'-pyrroline moiety in Viom&cidine.

The-reaction.of o-aminotenzaldehyde with A'~pyrrolines to form a
yellow compound has been previously described (23, 37, 38, 39). The

general reaction to give a compound of type I1II ecan be formulated as

follows:
H
@ 4
+ -
‘ /, ',N§§§
G & C
A J
H/O H
11T

As a qualitative color test, it was found that the follewing kn@ﬁwff‘l

" “the mercuric .
A
LT -

chloride complex of A'-pyrreline (20), 2,3—dimethyl~A'—pyr?dl%ﬁeJSJ”;“fm P

o

A'-pyrrolines gave a yellow color with o-aminebenzaldehyde:-
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(24),,Z—methyl—B,deiphenylfAl—pyrroline.(24), A,A,S—triphenylfAl—
pyrroline (24), and 4,A—diphenyl—ﬁ—(p—tolyl)wﬁl—pyrroline (24) .
;§Q—Butyiidineethylamine also. gave a yellow color with the reagent but
the color faaed in about twoihours._ The color obtained with the Aﬁ -
pyrrolines was stable fo; at least.24 hours. ,Viomycidine gavé a yellow
color with the‘gfaminpbenzaldehyde reagent and.this color was stable for
at least 24 hours.

The ultraviolet and viéible spectré of the compound formed from
Al—pyrrolineﬁS—Garboxyiic acid.and'Qfaminobenzaldehyde have been previous;
1y recorded as having A at 430 ﬁp, 294 my, and 232 my (38); in
Strecker's work the yellow coﬁpbund wéé'iédlaféa. The ultraviéiet and
visible spectra of the yellow céior*resulting from some known Al—pyrrolines
and viomycidine with g-aminebenzaldehyde were examined in this work. These
experiments were éemi—quantitatiVe since, whileithe volumé df‘g—aminoben—
zaldehyde reagent was known, the exact composifion-bf this reagent was not
known. Thus, although the weight of the compound being examined was known,
the amount of yellow compound formed was not known. In each of these ex-

periments, an amount of o-aminobenzaldehyde remained and interfered with

" the spectra;.g—aminobenzaldehyde had N o at 350 my and 260 mp. 2-Meth-

ylfél—pyrroline—Sfcarboxylic écid and 2,3—dimethyl—Al~pyrroline—Sfcarbox—
ylic acid with the g-aminobenzaldehyde reagent Showed‘a shoulder at

420-450 my, and xmax. at 296 my. Al-Pyrroline with the reagent showed a
shoulder at 420-450 my and a A at 288 my. Viomycidine with the reagent
showed a shoulder af 420-450 my and a Mpax. &b 301 mp. No peak near 230 mp
was obser#able, probably because of the exceés o~aminobenzaldehyde present.

These data are summarized in Figufe 6 and indicate the presence of a
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’

Aﬂ—pyrro%ine”moiety in viomycidine°

The pKa'valﬁe of 5.5 in water indicates the presence of a weakly
basic groﬁp“in Viomyqidine° Nermal aliphatic”amines have gKa values of
around 10- (17). Some values for known A'—pyrroiines are 3 B,27-dihydroxy-
16 5,22—imino—5,22‘—(n)'—choleétadiene, 5.45 (40); 2-methyl-A'-pyrroline,
7.77 (41); 2—ethyl—3,3—diphenyl—A?;pyrréline, 4.7 (33 pér cenf dimethyl-
formamide (34); A'-pyrroline, 5.6 (water) (34); and 2-methyl-A'-pyrroline-
5—carboxylic acld, 7.37 (66 per cent dimethylformamide) (34). Therefore the
weakly basic character of the remaininé nifrogeﬁ in Viemyéidine is coen-
sistent_with the assignment of a A'-pyrroline in viemycidine.

A substituted imine is not a tYpical'tértiary amine analegous teo
the tertiary amines in table én' HoweVer, a substituted imine is like a
tertiary amine in that it does not have a proton cevalently bended te it-
Therefore the observed differential ultravielet speptrum of the weakly
basic nitregen in viemycidine is ﬁrobably consistent with it being a
substituted imine.

In summary, the presence of a A'-pyrroline molety in viemycidine
is strengly indicated frem the'g—aminobenzaidehyde data, the pKa data

and the data indicating that the weakly basic nitrogen is a tertiary amine,

Attempted Degradatioh:gi Viemycidine to Knewn Compounds .-- Several re-

action sequences were sought for the tranéformation_of viemycidine iﬁto
known compeunds. Reactiens tried were bxidétion, reduction, base hy-
drelysis and ozoenelysis of a derivative of viemycidine. Acidic degréda—
tiens were not theught feasible since viemycidine had been shown te be

fairly stable to acidic conditiens (6).
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Thezfirst reaction attémpted‘was;the oxidation of viemycidine
followed by decarboxylation of the propesed intermediate product. The

proposed sequence of reactions was as follows:

COOH o - NH

. : | 2
, N——(f——NH2 o] A - CH,
il . HOOC—CHz—Cii—COOH
: H—
Ny | i
?::NH
NH,
\ COQH ®
[0] Hooc——CHg—-c—ém——?—4NH2 H50 COOH
H NH CH,
COOH HG—] —ﬁ—NH‘é
H NH '
COOH

This sequence of reactions was éttractive because the synthesis of the
final preduct, guaﬁidinosuccinic acid, had been previously reperted (19).
Furthér, guanidinosucecinic acid couid be degraded to aspartic acid by
alkaline hydrolysis thus»faéilitating identificatien ef guanidinesucecinic
acid. Alkaline hydrolysis of'gUanidinés té‘give amines is a general fe=
‘action of guanidines.

The reportéd synthesis of guanidinesuccinic acid employed one of
the standard metheds for the preparatien ofuguanidines and involved the
reaction of aspartic acid with S-ethyl-ise-thiourea hydrébromide in coen-
centrated ammenium hydrexide selution. In the preparation of guanidino-
succinic acid by this methed, it was found that repeated crystallization

of crude guanidinesuccinic acid frem hot water gave a compbund, m. p- 280°.
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This coﬁﬁpundigéve a p@éitive Weber..reactlon and had an RF value of zero
in PAW, PW, aid BAW. Elemental analysis indicated that the compound had
the;formulaTC5H7NBQB,‘cqrrespgﬁding to the formula of .guanidinosuccinic
acid minus a mole of water. In'the@inffared"region.the.compound showed

a strong peak at“5«92 p+ This compound clearly contained a carboxylic

- acid function because it was. insoluble in water but soluble in dilute
_aqugqus.ammonia; Thus Lhe'cdmgoﬁnd probably has either structure IV or

V. Structurg v is considered more likely sinée,.in the formation of lac-

tams,fthe five;memberpdvring is generally formed more readily than the

gix-membered ring.

COOH
0 0
\ HOOC-CH,j |
o N
: ' . \
, H H
NH | ‘ NH
v } . v

Repeated crystallization of thé crudevproduct'by solution in con-

centrated ammonium hydroxide and acidification to pH 3.3 with 6 N hydro-

¢hloric acid.at room temperaﬁure gave a compound with satisfactory an-

alytical datd for guanidinosuccinic acid. The compound had BF values of

0.51, 0.71, and Q.33‘in BAW, PAW, and PW respectively, the paper chro-
matograms being sprayed with Weber reagent. The literature value for the
melting point, 1750, was reproducible if éuaniainosucciﬁic_acid was heat-
ed rapidly but with slow heating guanidinosuccinic acid meltedrovef a
range of 175-220°. Probably dehydratien occurred'to produce either IV

or V.
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_The .first attempts,to“oxidizé_viomycidihe.were with silver per-
manganate in water. The Qxidant and the essentially neutral media were
chosen because of the ease of removal of.indrganic.ionsqiﬂManganeSe ion

would be present ag_ingqlublammanganése.dioxide,and silver ion counld be

‘removed by precipitation with hydrochleric acid: After oxidation, the

solution:ﬁas‘heated in écid te effect decarboxylation. A numﬁerAﬁf.in-
dividual reactions were run, using different amounts df‘qxidaﬁt, differ-
ent temperatﬁres_and_@ifféyent reacfion times; none proqﬁced”guanidino—
succinic aqid'as shown by papér chromatggraphy.

Oxidation of beth viemycidine and guanidinosuceinic acid with hot
nitric acid gave ? QQQPOupd.with the same Bp value as guanidine in BAwnv
The.compgund,gaye the?$ame'orgnge color as guanidine ﬁhen the paper chro-
ma togram wég_spfayed Qith Weber reagent. This was the only compéund‘
produced thaﬁ_géve a positive Weber tést and.po compound was produced
which gave a positive ninhydrin fest, It was concluded from thése data
that nitric acid could not be used to oxidize viomycidine to guanidino-
succinic acid bécause:guanidinosucciﬁic.acid yas oxidized by this re-
agent.

Viomy¢iding<wg§joxidizedvbypgt&ssium.gerﬁanganate in hot acidic
soluﬁioq;_hééting"oflthe acidic golution_was ¢ontinued‘éftgr destroying .
the excess permanganate. This reaultéa in the‘formation of a -compound, .

among chers, with th@wsame.RF value~as~guani¢ihosucc1nib’acid in BAW

V(Weber‘reagent). An attempt ﬁas mads to séparate this compouhd from the

other reactipnbpréducts by cellulose chromatography. None of .the frac-

tions from this celumn contained a compound with the same RF value as

guanidinosuccinic acid in.the PN solvent pystem. de of the fractions




proposed sequence of reactions appeared reasonable, the absence of
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contained a compound with the same RF value as guanidinosuccinic acid in

PAW and BAW. These fractions were hydrelyzed in hot aqueous. barium hy-
droxide solution. No material with the same RF value as aspartic acid . ) |
was observed on paper chromatégrams, further proving that no guenidino-

succinic acid had been present in the oxidation products. Since the

guanidinosuccinic acid is an indication that structure I might not be
correct for viomycidine.
It has been indicated previously that the presence of a A'-pyrro-

line ring in viomycidine appéared.likely. Uhle and Sallman (40) reported

the acetylation of a steroid containing a A'-pyrroline moiety to glve two
. R s -
compounds, VI and VII, one being an N-acetyl-A"-pyrroline and the other

being a ring-opened N-acetyl-#-aminoketone.

/\ , NH

! |
?::O ‘ ?::O
CH3 , CH3
VI ' , - VII

Janssen. and co—workers,reporteﬁ_the same type of reactions; Az—pyrrolines
were not obtained since the 3-position was blocked by two aryl substituents.
Rather, the Bouble bond was shifted to an exocylic position as seen in

the following reaction:
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Ar
Ar

The same type of product was obtained if a benzoyl group was introduced
rather than macetyl group. No reéction was observed with 2,3,3-tri-
phenyl—Af—pyrroline where the‘double bond cannot shift to an exoeyclic
pbsitiona‘ No ring-opened compounds were observed with any of these A'-
pyrrolines (42). Evans reported the following reaétion to give a ring-

opened compound (43). .

06H50001

—_—
5,07 Ny CH. |

|
C=0

ééHS

Sinceuthere seemed to be édequate’ﬁrecedence fof fhis type of
reaction iﬁ the literature, it was thought thaf an acetyl derivative of
Viomycidinevﬁight be obtained. An acetyl derivative of viomycidine was
prepared by the reaction of viomycidine hydrochloride with acetic anhy-
dride in cold aqueous ethanol.r Under these conditions, guanidines are

not acetylated (17). Elemental analysis revealed that acetyl-viomycidine
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has the formila anticipated, gy N, 0. This indicates the A%<pyrroline

type structure rather than the riﬁg—opéﬁed structure, which would require

an additional mole of water in the feormula. Acetylviomycidine gave a neg-

ative test with ninhydrin reagent, a positive test with Weber reagent and
gave only viomycidine when heatéd with concentrated hydrechloric acid as

shown by paper chromatography. These data, the pKa values of 4.86 and

13.0, and. the infrared spectra (Figure 3) are consistent with structure
VIII for acetylviomycidine. The formation of an N-acetyl derivative of

viomycidine further supports the previous conclusion that the weakly basic

nitrogen is not bonded to three carbon atoms .

COOH

VIII

An attempt was made to prepare the N—acetjl derivative of A'-pyrro-
line by the reaction of acetic anhydride with a solution of Af—pyrroline
of pH 3.5. While no pure compound was isolated, a preparation was ob-
tained that had a broad band at 6.07 p, indicative of an N-acetyl group.
Howevér, no conclusion can be drawn, sinece the preparation was crude.

An attempt was mads to ﬁrepa?e an acetyl derivative of 2-methyl-A'-pyrro-
line-5-carboxylic acid, using the same reaction cénditions employed for

the preparatien of acetylviomycidine. Only starting material could be




isolated from the reaction mixture .
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fThe.dxidative degradation of acetylviochidine was attempted; the

anhicipatedﬂreaction sequence was formilated as follows:

COOH
0, R 000K
—— | ozonide | ——  HOOC—(C—N—C—NH
N | H,0 N
| 202 I
C=0 L . 2
b | N—- COOH
ES —"
;,
H;o COQH H;O AEOOH
——  HOOO—O—N—GNE, — H{—%—ﬁ—m%
H H NH
fy EHz
Hy iy
- 000K
—_— CHNH2
CH,NH,

When this séquence of reactions was carried out 1t was found that the

material obtained after:the treatment of acetylviomycidine with ozone,

hydrogen peroxide, and acid contaimed\no.viomycidine ag ahown-by,paper

chroma tography . Since.viomyeidine is reasonably stable to acid (6),

acetylviomycidine gives onlY=viomycidiné an acld hydrolysis, and'carbbxyl

and guanidine groups are not attached by ozone (44), this is good évidence
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for a double bond in acetylviomycidine and therefore in viomycidine itself.

After base hydrolysis, it was.found that no a,p-diaminopropionic acid was

present as shown by.paper chromatography. .Since this reaction sequence

appears.reasonable,.thisfresult,indicqtes structure VIII might not be cor-
rect for acetylviomyéidine,' \
It was found that Viomydidine‘c0uld.also.be‘characterized by an-
other deriVatiye.L'2,4-Dini%féphenyIViomycidine was prepared by a modifi-
cation of the m;thod for the preparation of 2,4-dinitrophenylamino acids.
The derivative was found to be a*highly crystalliné yellow sblid, m..p.
171.5-172.5°, - Guanidines are not converted into 2,4-dinitrophenyl deriv-
atives by this reaction (17) so the derivative is probably of a type
structurally similar to acetylviomycidiné, Elemental analysis indicated

the.formulaMCIZHIQ

1y resolved but showed a strong band at 5.92 p and did not show a band at

- 3.6 u, anticipated for an aldehydic C-H. The analytical sample was not

dried to constant weight so it is not known if the water is present as

~water of hydration or is incorporated cOvalently.into the molecule. Two

structures which satisfy the analytical data are IX and X,

COOH
N—C——NH

T

N606"2 HQO« The,inffared_sbectrum (Figure 5) was poor—'




‘While a structure cannot be assignéd ﬁb 2,A—ainitéophen&lfiomycidine,
this derivative does serve as a conﬁéﬂiént means. of characterizing viomy-
¢idine.

In connection with this work it was found'that a 2,4-dinitro-
phenyl derivative of 27methyln41—pyrroline—5—carboxylic'acid could also
be:preparéd.”.Analytical data indicated the.fo;mula GI2H13N307s A care-
fully.dried sample showed a peak at 2.96.9 in the infrared: spectirum.
This is the region for N-H stretching vibrations and the'absgrptign in
this region indicates that .an open-ring .compound -has been formedu The
probable structure of this derivative is XI rather than XII‘sihce XI
would have.énmNéH_andHXII.would.hotg' Inwaddition,.theuinfrafed spectrum
shows.é peak at 5.79 u, indicative of a ketone, and 5.93 p, indicative

of a carboxylic acid. These data also indicate XI rather than XII.

X1 o XII

As a Alfpyproliné ring was indicated to be present in viomyci-
dine, it was felt that reduction to give a pyrrolidine might result in

a substance which might be degraded to a known substance more easily




than viomycidine. ,AISQ, the synthesis of pyrrolidinés is simpler than
the synthesis of A;prrr01ines;' Thus it was thought possible to syn-
thesize any pyrrolidihe obtained'by rédﬁction of vi&iyﬁidine. Hayes

reported a crude dihydroiiomyéidingfpreparationﬂWhich was shown to be a

‘mixture byfpotentiemetric tiirationu A molecular welght of 209 was

assumedband‘the pKa values with the number of equivéients of each group.

_is as follows: € 3.5, (unknqwn); 5.7, (0.26); 7.9, (0.38); 9.3, 0.22);

11.0, (0.11); 13-4, (0.5) and 13.5-14.0, (0.5). This titration was

' done usingyéé;pgr centzdimethylfOrmamide. The matériai was optically

active, [a]D =+ 8.2°, indigatingvthat the reduction products are op-

tically actiﬁe, If the sign of rqtainn had beén negative as in vio-

mycidine then the activity might have been due {6 residual viomycidine

(8). An unsuccessful attempt was made in this work to obtain pure di-

‘ hydrgvidmycidine, uSing rhodium asg a catélyst:rather.than;platinum as

‘used by Hayes. Viomycidine absorbed about one mole of hydrogen over

a period ofﬁfQur'dayseh This preparatien'wasvoptically activs, Eu]D =

+ 8.60, It was found that guanidinoacetic acid was not hydrogenated

- under the conditions used forbthe hydrogenati@n of viomyeidine. It is

possible'that hydyogenolysis was taking place during the reduction of
viqmycidine gince aimixture of cémpounds was épparently obtained.

It was thought that acetylviomycidine might p0sSib1y be more
readily reducéd than viomycidine since N-carbethoxypyrroles are easier
to reduce than freé pyrroles (45). Also, the acetyl group might de-
crease er eliminate the possible hydrogenolysis observed with viomye

cidine. With this in mind an attempt was made té synthesize dihydro-

viemycidine:
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The .planned reaction sequence was as follows.:

Gz 00,0585 i | 000
NH + CHQ-::-(E«COZCZH5 Ja AE
CQZCZHS
!
- 00,0 H,
cN~
ot 745 T ; NH,
— (%, J = 8.0) Hs—C——C —
h / \: 6(3’5/ - M,
2l T —C s
. Hy
(t, J = 8.0 \\\N’// !
) o )
| 5.95 ¢ 7 .
cr, (a, 7=7.9) XLV
&Hj 8.78 T
(t, J=7.1)
XIII :
H+
. CN , - cooH
- N—G—MI H.—C NH
Ll ) T 2/ 2
H N
(m) He O CH 6.2 ©
‘ 2 \\\ : 2 (m)
v Y
CO,6.H, | H
l gt | | XVII
COOH
N—C—NH

e

F—
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The numbers on the structures above refer to data obtained from nuclear mag-
netic resonance spectra of these compounds as evidence for their correct
structure. = The small letters refer to the multiplicity"of the“peaks.(s =
singlet, d = doublet, t = tripiet; q = quartet, .m = multiplet and pm = poor-
1y resolved mu1tip1et0; the coupling cohstant, J, is given in cycles per
second: The reaction of NeCarbethoXyglycine,ethyl ester with ethyl acrylate
has been shown to:giVe.XV rather than XVI (46).

C,H

Q G0, CoH,

2

However, this is not impértant,sinCe in the next step the ﬁ—ketoester was hy-
drolyzed and decérboxylated to .give N—carbethoxy—B—ﬁyrrolidone (XIII)‘(QS).
The Strecker reaction with thié ketone was examined to detérmine the best.
reaction time. It was found that the strongest nitrile band (4.5 p) in the
infrared spectra WaS'présent for a reaction time of nine days. In .this time .
the_largest weight of bésic fraction was also obtained. The basic fraction

| probably contained 3—cyanoFB—amino—l—carbethoxypyrrolidine (XIV) as the main .
constituent‘sinée,acid hydrolysis of the basic fraction resulted in the forma-
tion of 3—aminopyrrolidine—BvéarbOXylic‘aéid (XVII). Elemental;analysié, the
infraredtspectrum,;the_gKa yalugs (§.5:and 10.1), and the nuclear.ﬁagnetic
resonance spectrum were consistent with the assigned structure for this new
amino acid. The aﬁino acid wasvfﬁfthef charaétériéed by two highly erys—

talline derivatives:
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the N, N'-dibenzoyl-, m. p. 223#225°gﬂand the dirE-hjdroxyazébenzene{g“h
sulfonate sait,.m?‘pQ 256-260°. " '

As a model compound, atteppts were made to convert l-aminccyclo-
pentanecarboxylic acid to thq‘ébfrééﬁbﬁ&ing guanidinc;acidu In the re-
action of cyanamide'with this amino acid the guanidine derivative was
not eobtained but‘the diketopipefazine XVIII was obtained in 8 per cent
yield. The elemental énalysis and infrared spectfﬁm were consistent

with this assignment.

XVIII

Attempts to prepafe the guanidine derivative of the aminenitrile (X1IV)
were initially unsuccessful. |

Other‘results‘obtajned while the abeve synthétic sequence was in
prégreSB‘obviatéd:the‘pecessity_éf continuing the reaction sequence, so
attempts te convert the amino group of the aminonitrile (XIV) were aban-
doned . | |

It had previously been shown that thrée mcles of volatile base
and one mole.of carbon dioxide were produced per mole of viemycidine .
when &iomycidine was hydrolyzéd with hot aqueous barium hydroxide solu-
tion. Arginine gives two moles of volatile base under the same conditieons

(6). The normal reaction for guanidine compounds with base 1si
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R—l— G M mE, + 00, + 2N
CH N -

~ Therefore, one nitrpgen‘iﬁ'addition té the two which would normally be
produced £rom>g,guanidingrgroup-isj;apile to base in viomycidine-
The»path for the lqés of the third nitrogen atom freﬁ viomyecidine,
~ which is ﬁeenwto.fesult_in:tﬁé‘fofﬁétiaﬁ of pyrrole-3-carboxylic acid 4s

well, is postﬁlated as follows:

COOH
oH” '/ | \
I — - > »
, !
\y $ 1 H
iOOH ?OOH
Ei——-(—Nﬂz H— :::::i
H— OH, > A= B CE
- NH, NH,,

In grder to bbtain an authentic sample for comparison purposes,
pyrrole-3-carboxylic acid was prepared by the following method.which had
been previgusly reported (29): |

The numbers on the structures below refer to data ébtained for
nuclear magnetic resonance spectra of these compounds as evidence for:
their éorrqct structures. The small lettérs refer to the multiplicity

of the peaks (s = ginglet, d = doublet, t = triplet, q =.quarfét,
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m = multiplet and pm = poorly resolved miltiplet); the coupling censtant,

J, is given in cycles per second.

4.58 T ' ;
(t, 7= 5.5 %0
6.87 v =0 =0 O
(@, J = 5.5) THQ + ?Hz : —
NHg 1 0,CoH
8.67 1
(t, J=17.0)
6.68 T
- {ay I =17.3)

- GuCr,0,

2
P ~+
Quindline
1) OH
o
2) ut 3.05 1
(m) H 2.38 1
(m)

The © value for the al@ghydic‘p;otonugf,amihgaceialdehydeminfacid
solution is much higher than that msually ebserved for aldehydes (ca.

0¢35 t). The multiplicity is reasonable for this assignment; however,
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thé peak position might be gxplainéd‘better on the basis that amino-
acétaldehyde existe in solutioh.as thewhydfate, -This is not unreason-
able -since the elgctron.witharawing_gréup on the adjacent carbon atom
would stabilize the hydrate just as the trichloremethyl group in chloral
hydrate stabilizes the hydrate. |

Thg assignmggts ip the abdvejpyrroles are made ag stated since
the lowest absorptions in pyrrole,_fﬁran, and thiophene are due to the
prétons(bn_the_carbon atoms adjacenﬁ to the heteroatom 7).

Viomycidine was hydrolyzed in hot barium hydroxide selution and

the hydrolysate was pass@d over an IRC 50 (H+) colum. The eluate from
this column would cdntaih only acidic and neutral compounds. From this
eluate the:émwas obtained a pyrrole acid in 22 per cent yield. This
compoupd_apd pyrrble-Q—qaerxylic_aéid were found to have identical infra-
red, ultravic;et,‘apd_nuclear magnetie resonance spectra, the same‘RF

value and the same color when the chromatograms were sprayed with Erhlich

_ reagent. The meltiqg_point‘Of authentic pyrrole+2—eérbox71ic acid varied

with the rate of heating sp-this was judged to be a poor test for com-

parison. The melting behavior was similar for the two, however; and-

quite different from the melting behavior of pyrrele-3-carboxylic acid.

_Pyrrole-charboxyliq acid was shown to bé different ‘from authéntic pyrrole-

2—¢arboxylic acid and the pyrrole—2—car50xylic acid from viomycidine by
all of the criteria listed above. |

The formation of pyrrdle—2;carboxylic acid from.viomycidina shows
that in Vidmyéidine there are five carbon atoms in a straight chain with
the carboxylic acid group at one end of the chain. This powerful evi-

dence is quite adequate to eliminate structure I frombconsideratian as
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~a possible structure for viomycidiné, The formation of .pyrrole-2-car-
boxylic acid in this reaction can be readily explained if viomycidine

has structure XIX. The proposed path would be as shown below:

3.18 ¢
(m)

H— .
N\ /~coon
0 fm

\ v
CH | —>. —\ X’GGH —.-*H /IP\ COOH

2

It has been previously reported that viomycidine on hydrolysis Qith hot
concentrated sodium hydroxide solution, producés & sublimate which-was
identified as 2-aminoﬁyrimidine:by identical infrared spectra, identical
melting point and mixed melting point (8). This work was repeated and
the sublimate was found to have the same ultraviolet spedtrum as 2-amino-
pyrimidine.‘ From the ultféviOlet spectrum 1t was estimated that about
0.5 mg. of 2-aminepyrimidine was”obtained from .20 mg. of viomycidine hy~-
drochloride. In addition, glycine should be produced in this reaction

as shown below. While no pure glycine was actually isolated, a prepara-
tion was obtained which contained a compound with the same RF values as

glycine in four solvent systems.
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XIX

2 ‘ . : H2

\ | H | _‘ '
- . )

The 2,4-dinitrophenyl derivative of this preparation was pfepared and a
yelléw crystalline compOuﬁd waa‘obtained{_ It had the same melting point
as authentig 2,4—dinitrophenyl-glycine, the same Ry values in three sol-
vénﬁ systems and the same abs@rpticn peaks in the infrared spectrum.
These data prove the’forﬁation of glycine from viemycidine on hydrolysis
in concéntratéd sodiuﬁ hydroxide. Less ﬁhan one milligram of the de-
rivative was obtained, indicating that about the same amounts of glycine
and 2-aminopyrimidine were produced. -

In order to obtain the glycine the hydrolysate had béen passed
over an IRG 50 (H+) column and the eluate evaporated to dryness. It was
found that the material centained in a benzene éxtract of this residue |

contained about 1 mg:. of pyrrole-2-carbexylic acid as evidenced by the
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ultravidlét spectrum. Thus it is pessible that both reaction pathways

are operating_in.both the sodium hydroxide and .the barium.hydroxidévre-

actions.

.A nuclear mggngtic.nesqnanqewspectrhm in water of the hydrochloride

of the volatileﬁbasesmfrom_the bariummhydroxide.hydrolysis of viomycidine

~revealed that no aliphatic amines were present because no absorption was
_present above a T valué of 5. For example methylamine, ethylamine and

g—propylamine“have_abs¢rptions above 5.t.. The spectrum.did show two sharp

singlets at 1.95 tﬂandf2.75 T. This.material is neither pyrrole nor 2-

amigopxrimidine,wsinée“the.nuc}ear;magnetic resonance. spectra of these

-compounds are.quitevdifferentﬂfrom that of the unknown. Pyrrole in water

shows' two quartets of .2.94 T and 3.62 T while 2-aminopyrimidine in dilute

hydrochloric acid shows a doublet of 1.24 7 and a triplet at 2.95 t. The

‘ ~absence QfAmgthylaming is_addeduevidenceﬂagainst structure I, since the

mechanism for the formation gf_ZraminopyrimidineAfrom,I would predict. the

fo;ma;ion of methylamine in the following way:

COOH

/c ——c':\_CH NH, /QN

NH
/'\\? NHZ“H Mﬂ%

= ’ + CHBN}KI2 -+ I

=)
=
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_The formation of pyrrole-2-carboxylic acid from viomycidine
places the carboxylic acid,group pf‘viomyhidiné at the 5 positien on the
Al—pyrroline ring. .The_fgrmaticn of 2—aminopyrimidine places the guani-

dine grqub at the 4 position»and the,fqrmatibn of.glycine lends.suppOrt

_toub@tp.of“theggﬂassignments. From these data it appears that viemyci-

dine .must be fbrgulated;as A:guanidino—Alﬁpyrrolinerﬁ—carboxylic aecid,

XIX.

XIX

A Discussion of the Nuclear Magnetic Resonance Spectra ef Viomycidine and

RelatedﬁComppugd :_ansiblemStfﬁctures“for,Viomycidine.—— The nuclear
magnetic resonance‘spgctruh‘of_ViOmycidine hydrochleride in deuterium
oxide-golutien revealed a peak at 7.43 1 (two protoms, an unéymmetrical.
singlet), a peak at 5.38 v (two protons, a sharp singlet), and a broad
peak at 4.37 T_(Qné prQPOn,_a.poorly resolved multiplet). Essentially '
the same data were obtained over a period of three years from spectra of

several separate selutions. In order to confirm the number of protens

‘ in'each,peak a_Spectfﬁm of viemycidine hydrochleride in deuterium oxide

solution was determinéd near the end of this research. The solution was

deeoxygenated so as to minimize paramagnetic broadening of peaks by dis-
solved oxygen. The ratie of protons was confirmed but it was found that
the peak at 7.43 T was clearly split inte a triplet (J = 1.9 eps. ).

This spectrum is giveh as Figure 2.
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The nuclear magnetic resonance spectrum of viomycidine hydrochlo-
ridevin trifluoroacetic acid solution revealed the same proton ratio

(2:2:1) for the hydrogens bonded to carbon. Each of these peaks was

at a slightly lower T value than the corresponding peak in deuterium oxide.

solution. The peak positions were 7.23 T, 5.05 T, and 4.07 T3 no split~

~ting of any of the peaks was observed, Three additional absorption

peaks were observed at 3.00 1 (two protons), 1.98 1t (one proton), and
1.48 © (one proton); none of these peaks was split. This spectrum is given
as Figure 1.

Among the several facts which must be explained in the observed

spectra of viemycidine are the number of protons which appear in the tri-

fluqroaceti§ acid solvent spectrum but not in the deuterium oxide 501vent

'spectrum. As the proton of the carboxylic acid group would enter rapid

chemical exchange with trifluorecacetic acid, the four additional proton
absorptions observed must be due to protons attached to nitrogen.

An accumulation of spectral data indicates that amino compounds

~are not protonated in trifluoroacetic acid Solution;«,The'spectra of a

number of amino acids, guanidines, guanido acids, and aliphatib and
aromatic amines in trifluoroacetic acid have been determined. The ratio
of N-H abdorptiens to C-H abéorptions was determined by spectral integra-

tions and also by weighing the area enclosed by the peak. In essentially

all cases, the number of N-H protons observed corresponded exactly to the

unprotonated form of the basic compound present. Trifluoroacetic acid

would be expected to be a podr ion-solvating medium as it would be ex-

 pected to have é.dieléctric constant comparable to that of acetic acid

(gg. 6). Consequentlj the absence of protonation does not Seem unreason-

able. In fact,»glaéial triflucroacetic acid has been found in these




~studies to.act.as.a strong base because amino acid zwitterions and guani-

dinium salts are deprotonated by it.

_ Theﬂnucleaf_magnetic.resonancé spectrum of Al-pyrrOline in tri-
fluoroacetic acid solution (Figure 7) shows absorptidns characteristic
only of .C-H groups; no N—H'absorption.was observed whicﬁ might be ex-
peqted for the protonated form Qf,théfimine. In addition, the nuclear
magnetic regonance spectrum of 2-methyl—Al—pyrroline—5-carboxylic acid

in trifluoroaceticuacid/solution shows no peaks that are not present in

the spectrum of a deuterium oxide solutlon of the compound, showing

that this A}prrrolinemalgovié not protonated in trifluorcacetic acid
solution... _
‘Thus the N-H absorption peaks in the trifluoroacetic acid spec-

trum of viomycidine must be ascfibed to the.guanidine protons present.

~ The nuclear magnetic‘resonance spectra of a number of guanidines indi-

cate notiqnly.that‘thege-compounds are not protoﬁated in trifluoro-
acetic acid solutipn.bﬁt_that cﬁémiéﬁl'exchange between the guanidine
prqtons is retarded_sg;that“megpetigallyjdiffergnt:protbns absorb at
diffefeﬁt frequenqies; - In summary sffaata,obﬁéiﬁedfon a number of com-
pqunds,‘it,may-pe‘statgd that mpng-supsfitutgd_guanidines (XX) have a
broad three—protoh abéQrgtioh énd a oné—éfotonvébsorption peakv(usually
sharper), while N,N—diSubstitﬁted guanidines (XXI) have only a broad

three-proton absorption peak.

H R
Rr-&——C‘jNH ' R__ﬁk_cf;NH
N \NH2

2

XX XTI
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carboxyl groups are cis- or transforiented, the guanidine protons are in

quite close proximity ﬁowthe'carboxyl“group‘{XXV). In formula XXV, it
‘ié_saen‘that there wouldbbe three distinct types of guanidine protons
" present (a, b, and c¢), giving rise to the observed individual peaks

(ratio of protons, 2:1:1).

Only if this hydrogen-bonded structure were very stable would the guéni—
‘dine protons b not be aquivalent to the guanidine proton c. This would
require that rbtatiqn WOuld"be so slow that the shielding gxpérienced by
“prbtons b and ¢ would pqt be_aferaged to a single value. Unfortunately
an apprgpriatevﬁqdel cqﬁppund (cis- of ggggg—zfguanidocyclcpentanecar—
boxylic acid),in which the guanidine protons migh*; show individuality in
- trifluorcacetic acid solution, is not available.

In addition to the individuality shown by the guanidine protons
it is also'necessary to discuss the_positiqnsvof absorptions of thg pro-
tons bound to‘cérbon. In particﬁlar, it is necessarj to show that it is
not unreaéonéble fOr the protons at poSitions 4 and 5 of the Al—pyrroline
ring to have the same Tt value (5.05) and ihaﬁ it is not unreasonable

that these protons are not split by one apother. An attempt will be made
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%o estimate a value for each proton on the basis of spectra of known model

compounds. .The t values for the varioﬁs absorptions of the model com-
pounds were assigned on the usual bases, that is,.obéerved.multiplicities
of.coupled interactions, intensities observed from spectral integrations,
and by using the fact that the more ﬂhydrpcarbon—like".a given group is,
the more éhielded it.is."Thus; a methylénewgroup adjacent oniy to methyf
lene groups has aAhigher”T.Value”than.a methylene group.which.is_adjacent ‘
to a nitregen or .oxygen étomq As a test of the method, it was thought
desirable1to‘estimate somé of the absdrptions of Z—methyl:gl—pyrroline—

5-carboxylic acid using pyrrolidine (XXVI), proline (XXVII), and‘élfpyrro_

linew(XXVIII)’as‘model compounds . Thewabsorption‘values in trifluoro-
acetic acid solution assigned to the.protdn"groupstin,these compounds

are given by the formulas below(48). It may be seen that replaciﬁg an

'—'CH :

7.97 H2 \2 7.70 H, c —CH, 7.70"
' _ AL 5.33
6. 65 H,C 6.37 H,C //:&
\\\N/// 2 | \\\N
H

XXVI . XXVII.

670 H,0——CHy 7.57
1.20 HC\\\\ CH 5.69
\l/

XXVIII

a-proton of pyrrolidine by a carbok&l grouphchanges-the'd—proton absorp-

tion from 6.65 1 to 5.33 v (A =1.32 ppm)° If




-2—methyl—Al—pyrrolinee5—carboxylic acid is 4.60 7 in trifluoroacetic acid
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then a proton of the C.methylene group of Al4pyrroline were replaced by
a carboxyl group,an estimate of thefremaining C5wproton would be expected

to be at 5.69f— 1.32 = 4037 t. The observed value for this proton in

solvent. The difference in the,B—methylene-absorbtion of pyrrolidine and
proline is seen to ber7;97”and 7.70 © (A = 0.27 pbm). The.CA—methylene
group of 2—m¢thylf¢lpyrroline—5—carboxylic acid would then be expected
to absorb aﬁ_0027‘?pm legsethan the absorption of the-GA—methylene.ab_

sorptionyof.Al—pyrroline {7.57 ©), or at 7.30 t. The observed value for

these protons in 2—methyl¥Alﬁpyrroline—5—carboxylic acid is 7.30 ©. The

CB—methylene protons'of.Al—twrroline absorb 1.27 ppm to lower field*hhan

~the B—protons of pyrrolidine (7797 - 6,70 = 1.27). Therefore the GB—

methylene protons of.2fmethyl—Al—pyrroline—5—carboxylic acid would be ex-

pected to absorb 1,27 ppm to .lower field than the C,-methylene protons

4

- of proline, or at 6.43 © (7.70 - 1.27 = 6.43). The observed value for

these protons in 2—methylfAl~pyrroline—5—carb0xylic acid is 6.58 7. The

~ estimated absorption Values for 2—methyl¥Al—pyrroline—5—carboxylic acid

hydrochloride in trifluorocacetic acid sdlution are given by formula XXIXa;
the values determined from the spectrum of the compound in trifluorocacetic
acid solution are given by formula XXIXb, and the values determined from

the spectrum of the compound in-deuterium‘bxide gsolution are given by

- formula XXIXc. It may be seen that the overall agreement of the esti-

mated values and the observed values is reasonably good;
The best model cOmpound'available'for estimating.the absorption
positions of viemycidine itself is-2+methyl—Al—pyrroline~5—carbOxylic

acid (XXIXb) since the only correction necessary is that due to the
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position.

4

guanidine .group at the C

6.43 H CV—QH. - 7.30

7 \/H437
HC/\/\COH

6.58 Hfzc—cH2 7.30

//H 4.60

c G
7.30 HBC/ \N/ N00,H

XXIXa _XXIXb

XIXe

Other compoupds-which are used in the estimate are butyric acid‘and
p-guanidobutyric acid. The absorption values in trifluoroacetic acid
assigned to ﬁhe:protonlgrgups”ih p-guanidobutyric acid are. given by

formula XXIV the absorption p051t10ns of butyric acid in trifluoro- .
2 8 .32 15 v- CH3,

on a methylene group a to a carboxylic acid_groﬁp when a guanidine group

acetic acid are: a- CH2, 7. 61'r,B -CH 8.98 1. The effect

is subStitufed on the p-carbon atom is seen to aecfease'the absorption
value by 0.54 ppm'(7,61 - 7.07). Thus, substitution of a guanidine
group at 04 of 2—methyl—Al—gyrroline—5¥carboxylic acid should decrgase
the T value of the proton a fo the carboxylic acid (05) by 0.54 ppm.
This gives an estimated absorption value of 4.06 t (4.60 - 0.54) for the

C. proton of viomycidiﬁe. The observed value is 5.05 1.

5°

a methylene group B te a carboxylic acid group when a 5—guaﬁidine group

The effect on

is substituted is to decrease the absorption value by 2.65 ppm (8.32 -

5.67).

Therefore the C4 proton of viomycidine would be expected to have
/ | | |
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an absorption value 2.65 ppm lower than thevC4 proton ofv24methyl—Al—

pyrroline-5-carboxylic acid. Thus the estimated value for the C4 pro-

ton of viomycidine is 4.65 ¢ (7.30 - 2.65); the: observed value is 5.05 <.
The effect.on,the.methyl group in.butyric acid on substituting a guanidine
group on the adjacent carbon 1s to decrease the absorption value by 0.48
ppm (8.98‘; 8.50). ‘;herefore.the Cy proton in viomycidine should have

an absorption value 0.48 ppm lower than the model compound. Thus the esti-

_ mated value for the C _protbn of Vidmycidine is 6.10 v (6.58 - 0.48);

3

the observed value is 7.23_1.. These eétimated values do not taken into
account any effect caused by the mefhyizgroup at 02 in 2—methy1—Al;pyrro_
line-5-carboxylic acid; ‘ The estiﬁaﬁed'absorption valueé for viomycidine
in‘trifluorqacetic acid salution aré'summarized\in farmula XXXa; the ob-
served values are given in formula XXXb. The oﬁly estimated value that

is very close .to the observed value is that for the CA;protonu

NIH' 1 . 1\{H
HN—E—NH2 Hl\II—IC—NH2
6.10 Hz0——C—H 4.65 - 7.23 H,(——C—H 5.05

H C—H 4.06 B C—H 5.05
\/ COZH \N/COH

XXXa | XXXb

However, the estimated values for the 04 and C5 protons are reasonably
close to each other. The estimated values may be in error because sub-
stitution of a guanidine group on a five-membered ring might cause a
much diffefent effect than in an open chain compound. The formatidn

of a rigid hydrogen-bonded system might also give an effect which cannot
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be estimated. .In coﬁclusion,'thé observed ébéorptiOn values for viomyci-
dine are not uhreagonably differenf.from values estimated from known com-
pounds. It is alsé nbt unreasoﬁable that the C4 and 05 protons of viomy-
@idine should have the same,ébsorption value .

The observed multiplicity and lack of multiplicitj in the nuclear
magnetic.fesonance spectrum of viomycidine must also be raticnalized in
the discussion of the spectrum. Karplus (49) has predicted on thebreti-
cal grounds that the values' of coupling constants are proportional to
coszg, where © is‘ths dihedral angle between the two C-H bonds concerned.
This relationship is in good agreement with the observed values_fér a
number of substituted ethanes and for cyclohexane derivatives (49). A
plot of -the coupling constant, J, versus.dihedral angle, 9, indicates
~that the coupling QQnstagt for substituted ethanes is smallest when the
ang1¢ is about 90° and is largest when the angle is 0° or 180°. In the
equation for calculat;ng the coupling constant several effects besides
the dihedral angle_aye_impprtgnta For example, bond. length and a factor
for substituent grgups_aremsigpificant. No study has been made of,guéni—
dine compoﬁnds or Al-pyrroline rings so it is quite difficult to estimate
coupling constants for viomycidine without a very elaborate mathematical
treatment. For example, the 03 and G5 protons form 0° dihedral anglés
with the C4 proton inhAl—pyrroliqe itself . This would indicate large J
~values for these two groUps‘but no splitting is observed; only the 04
protons show multiplicity. The nuclear magnetic resonance spectra of
hydroxyproline and g;;gfhydroiyproline have beén completely analyzed (50)
and it was found that coupling constants did not necessarily depend on

the dihedral angles. For some interactions the coupling constants were
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as low as 1 cps even though the angle.waé'eéséntially OO, In other groups
a coupling constant of 4 - 5 cps was 6bServed evén though the angle was
not as favorable. -Ihus, while splitting might be.expécted'for viomyci-
dine on the basis of the various dihedral angles, lack of multiplicity

is not unreasonaﬁle.

Based onystructure I for viomycidine, structure VIII was initially
assighed for acetylviomycidine in light of the common reaction of at-
pyrrolines, on acylation, to give N—acyl—Az—pyrrolines. ‘Consideration
of all of the propertigsyqf aqetyl&iomycidine dictate that structure VIII
is incorrect. Aceﬁylviqm&cidine has pK_ values of 4.86 and 13.0 in 66
per cent dimethylformamide (34): It gives a negative ninhydrin test, a
positive Weber_test,‘% negative Sakaguchi test, and a_ﬁegative o-amino-
benzaldéhyde test. The inffared,spectrum of acetylviomycidine (Figure 3)
is complicated but indicates the absence of.an aldehydic proton. - On acid
hydrolysisvacefyIVipmycidine reverts to viomycidine as the only observable
product. The nuclear magnetic resonance spectrum of acetylviomycidine
in deuterium_oxide.solution.(Figure~4)‘shoﬁs four exchangeable protens
‘and eight non-exchangeable protons. The spectrum shows peaks at 4:30 7
(0.78 protens), 5.19 t (4.26 protons, water), 5.50 © (1.96 prqtons),

7.73 1 (3.44 protons), and 8.03 1 (1.57 protbns). The number of non-
exchangeable protons combined with the negative Sakaguchi test excludes
an N—acetyl—Az—pyrroline structure similar.to VIII.

Sinée the strongly basic group gives a negative Sakaguchi test,
the guanidine group mﬁst_be di-substituted. The weakly acidic carboxyl-
ic acid group cannot be o to a basic group because of previously cited

-data. The weakly basié group which is present in viomycidine is absent
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in acetylviomycidine. Therefore this group. must have been acetylated.
Acetylation of the guanidine is:ﬁnlik§1&;(17ﬁ;tbﬁﬁAifi$hd$ﬁdidcunguag an
additional basic center would'be‘présent, as acetylguanidine has a Qﬁa
of_813.(51)7 A dissubstituted guanidine and eight carboﬂ—bonded
protons require a reafrangedzstructure.

A ring-opened étructure XXXTI as commonly results from acetyla-
tion of Al—pyrrdlines is excluded on the hasis of the,élemental analysis
and the absence of an aldehydic proton in the nuclear magnetic resenance
spectrum. However, such a structure could well be an .intermediate in .
the reaction, cyclization subSequently‘giVing XXXII. A structure such
as XXXII satisfies the analytical data, the pKa data,“the color reactions,
and the number dfzexchangeable.prétons,as indicated by the.nuclear mag-

netic resonance spectrum.

N
. |
HII\T—|C-—-NH2
| | Hz/C—C—H o
XTX  CH300),0 H\c /LH
' | j;_—_o
Hy
XXXT
NH
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Easy.revarsioﬁfto_vibmycidine_on.acid:hydrolysiéﬂwould be expected by. .
hydrolys;is_..q)f_ the Ns-ngetylﬁ,_gmup..and .rearrangement to the more stable
cyclic_System,maLA;npyrroliné,,

| The,nu¢learAmagnetic_reson&nce“5pe¢trumjrequires some disc¢useion.

There are two high field absorptions (7.73 v and 8.03 1) containing a

‘total of five protons but they are<in a ration of 3.44:1.57. Clearly

the peak at 7.73 © must contain the acetyl methyl_grdup (the agetyl

methyl group of acetylproline aﬁd.aceﬁylpyrrolidine absorb at 7.40 t

_ (triflﬁorpacetic‘ggid‘splﬁtimh)’apdﬁ8f08rt (héatEliquid), respectively).

‘This.1eaves_Q.44:perons in this group which, combined with the peak at

" 8,03_¢ totals 2.0 protons. Thié high field‘absérptign must be due to

protons on carben adjacent only to cdrbon atoms. In considering .

structure XXXII for aqety1VQGMycidine it“ié seéen that the methylene

proton_group in .the ring satisfies this situation. Furthermore they

would be the AB part of a complicated ABCD or ABCX system (52) of in-

_te;acting_nuqlei, _Thesglsystems havée not been analyzed mathematically

(52, 53) but it‘is quite reasonable to anticipate a complicated inter-

action for the AB part of the spectrum. Simpler systems (ABC_and.ABX),

depending on the Valuesdaf}o and J, give spectra for the AB protens as
complicated as this. The remaining protons would be expected to have
similar absorption to viomycidine and the previously,meﬁtioned rationz
izatiens of peak positions would apply to acetylviomycidine:

The peak at 4.30 < is a poorly resolved multiplet and contains
oné proton. This peak position is probably due t6 the olefinic type
proton>jus£ as in viomycidihe itself. The peak is probably broadened

by the ddjacent methylene group. The absorption at 5.50 T contains a
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group of peaks. This absorption is probably due to the two methinyl

groups which are somewhat similar to the methinyl groups in viomycidine.

~ No .good model compound is available for .comparison but the peak position

‘would be expected to be soméWhathimilar.to the a-proton of an N-acetyl-

amino acid. The_méthylene;grbup of acetylglycine absorbs at 6.03 © in

“deuterium.oxide solution and. the methinyl proton of acetylproline ab-

sorbs at 5.38 ¢ in deuterium oxide solution. Acetylglycine is probably

a better model. A guanidine group on the adjacent carbon atém should

lower the T value so that a value. of 5.50 ¢ is not unreasonable for

this group. . The methinylygroup which bears a guanidine grbup would have

‘a low T value because substitution of & guanidine group on a methylene

group gauses_érlgrge decreaée;in T value. - Thus a t value of 5.50 is
not unreasonable fbr this group. The observed absorption positions of
acety;vipmycidipgiare,generally consistenf with the proposed structure.

One fac@or"againsﬁﬁstructuré IXXII for acetylviomycidine is the
fact that it would ordinarily be expected to have an ultraviolet ab-
sorption spectrum. Acetylviomycidine shows only strong énd absorption
in the ultraviolet ;égion. However, no suitable model compounds are
available; no 2—éminodihydropyrimidine is known and no similarly con-
stituted alkylideneguanidiné is known. Acetylviomycidine would obvious-
ly exist as a zwitterion even in 95-per cent ethanol; its ultraviolet
absorption spectrum would be expected to have a lower extinction than
the free base.

The properties of acetylviomycidine are reasonably consistent
with its formulation as XXXII.  As this structure is derived rationallj

from viomycidine by reactions for which there is adequate precedence,
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.this . is takénmasMaddedmevidenCe-ﬁor,the‘cnrrecine&swof XIX for viomycidine
itself.

In connection with thié‘prqﬁosal, 2,4-dinitrophepylviomycidine,
previously formulated as IX‘or X, might more correctly be.formulated as

having structure XXXIII.

NH
|
PN

N NH

i
?——COzH
NH :
&6H3(N02)2

IXXITT

All of the chemiecal data and the spectral data discussed previous-

ly are consistent with the proposed structure for viomycidine. However,

~ the absorption positionfassigned (4.07 T in trifluorocacetic acid solu--

tion) to the olefinic proton of viomycidine does not appeaf te be in
agreement with similar protons iﬁ model compounds. The observed T value
of the olefinic proton Qf‘A;-pyrrblihé,in-trifluoroacétic acid solution
is 1;20. The T values observed ﬁéi ;gg-bﬁtylideneQethylamine in tri-
fluoroacetic'gpid.sﬁiﬁtieﬁ’§XXXIVa),and,as theqneat‘iiquid (XXXIVb) are
given below.as weli‘as the T values of iggebutylideneaziné as the neat

liquid (XXXV).

7-30 1-66 7_70 2.47
cﬂg—-é——&::w——CHénchB GH§-—C——C::N——Q3§——CH3
g.68 CHg g9y Uy = 670 8.93

X{X1Va © XXXIW
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7.53 2.32

N | 7.8 Hy0——CH, 8.8
’ La ° 3.1 HC c’/ 3
8.93 3 - | \/ \CH

XXXV XXXVI

The T values for 5,5édi@éthyl=Al—pyfrdlineqhaVé been reported as
the neat liquid (54) apd,are given by formula XXXVI. Since the absorp-
tion value of the olefinic proton in:XXXIV décreases 0.81 ppm when the
neat liquid is compared to trifluoroacetic,aéid solution, the estimated

absorption value for the C, proton in XXXVI is 2.3 v (3.1 - 0.8). The

olefinic proton of -the azine (XXXV) would be expected to have an ab-

‘sorption value of about 1.5« (2,32 - 0.8) in trifluorocacetic acid solu-

tion. 1In céntrast to these data, Vio@ycidine does not show absorption
in this’lbw’field region,,the‘lbWest-absorption value for.a carbon-
bonded proton in viomycidine being 4.07 t-

Thus, whilerstructurelXiX for viomycidine is consisﬁent with all

of the chemical evidence and most of the physical evidence, it is diffi-

cult to rationalize‘the gbsenbe of a proten absorbing‘at.low field'in

the nuclear magnetic resonance spectrum. However, it is pessible that

the presence of a guanidine groub and a carboxylic acid group on a

VA}pyrroline ring might hﬁve effécts which are at present unpredictable

on the peak. p031t10n of “the oleflnlc-type proton.

The ev1dence for a A ~pyrroline ring in Vlomwcldlne is strong

However, the placement of the carboxylic acid group and the guanidine




group might be questionable on the basis of the absence of a low field"
absorption in viomycidine. The pKa of the carboXylicjacid demands that
it be on a carbdn étom that alzc bears a nitrogen function. Since the
formation of pyrrole-2-carboiilic acid from viomycidine dictates that
there.be five carbon atoms in a Straight chain, the, carboxylic acid
group must be at C2 or C5 of the Al—pyrroline nucleus. The guanidine
group cannot be at either'C2 or C5 because a‘Very unstable hemi-acetal-
type structure would result. Thus all of the possible structures for
viomycidine are‘given by formulas XIX,.XXXVII, XXXVIII, and XXXIX,

exclusive of stereochemical differences.

HH | e
—C—NH,, | H%—&—m%
6.2 HyG——C—H 5.0 41 H—0——CH,, 6.8
H 4.6 | H 4.7
A A
1.2 HG 0.7 HC C?
| QQQN,// N0, 1 :§§N//’ \CooH
Do GO - XEXVII
- NH ﬁH
HN—C—NH, _ : HN—C—NH,
6.8 H,0——C—H 3.8 - 47 B—C——CH, 5.9

5.. H,C

' . 4.9 H,C_ C< :
2 \\\N¢;5 ~~C0,H - 2 \\\Nﬁj; ™00,

XXXVIIT : ’ ' XXXIX

As stated previously, the‘objection to XIX is the absence of absorp-
tion at low field in the nuclear magnetic resonance spectrum indica-
tive of ‘a A;;pyrrqlinevwhich has an olefinic proton. Thus, if XIX is

excluded on this basis, XXXVIT would also be excluded. In addition,
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the formation of glycine and 2-aminopyrimidine is difficult to ration-
alize on the basis of structure XXXVII for viomycidine.

Estimates of the nuclear magnetic resonance.peak positions,

~ derived as ppeyigus}y}indi@ated} are given on each of the structures

XIX, XX}VII,MXXKVIII, and XXXTX, _The>estimates were made on the basis

of peak positiohs of Algpyryoline, butyric acid, prguaniddbutyric acid,

pyrrolidine, and proline. The observed values for viomycidine in tri-

fluoroacetic acid are 4.07 (1H), 5.05 (2H), and 7.23 (2H). Structure

XXXIX givés ge@erally poor cémparisons; the estimates for structure

XXXVIII are closer to the observed values than those for structure XIX.

If XXXVIII 1s the structure of viomycidine the assignment of the observed

values in trifluoroacetic acid selution would be as given in XL. This

structure obviates

NH
.
7.23 qu———f-é——ﬁ 4,07

5,05 H,C. C
' 2 ~~C0,.H
N§§§' 2"

X1,

thé necessity of having two different methingl groups with the same T value.

Structure XL for viomycidine also pe:mitsza-hydrogenebohded cyclic struc-

ture_so that individuality of the guanidine protons is still possible.

Considering all absorptions, structure XL is more consistent with the ob-

| . . . qs :
served nuclear magnetic resonance spectrum of viomycidine than any of

the other ‘three structures.

A rationale of the observed chemistry of viomycidine is more
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difficult on the basis of structure XL than on the baSis of structure
XIX. The path for the formatiqn‘of pyrrole-2-carboxylic acid, Z2-amino-
pyrimidine, and glycine might he postulated as proceeding through struc-

ture XIX. This would invélve

H B M : H H N

Boo—— 6Nt xg . E _c—c—&—gﬁﬂH_
e 2 2 B
H\c/ \ —a0] L Ho/ \C/ 90.2‘
Nt Ny
08 - |
L o XIX \ _
¥ \N L
> ’ + CHy—CO,H

a base—catalyiedxiSdmerization of XL to sz.' The reéction_path would then
be the same asApreviouslj giveh. .It has been peported that some a,ﬁ—uné
saturated steroidyl-ketones are converted to the Byy-unsaturated ketone
in‘the,presence.of potassium't_butoxide. The amount of deconjugation
Varied'w§th the reaction time and with the nimber of equivalents of base;
with one equivalent of base for one hour atbroom temperature the decon-
jugation was 40 per cent complete®(55). .While;these ketones are not |
entirely analogous to XL they do illustrate.the isomefization, in alka-
line solﬁtion, of a double bond out of conjugaﬁionq, Thérefore it is
reasonable to expect the two isomefs'(XL and XIX) to eﬁist in equili-

brium in alkaline solution.
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Sinee structure XL is an a,B—unsatﬁratedlacid, ultraviolet absorp-
tion might be anticipated. However,at nopH'is the free carboxylic acid |
grqupAand.the‘unprotonatéd.amine present in soiutioh. In additiéﬁ d,ﬁ—
unsaturated acids'haﬁe,xmax;;at very low wavelength (crotonic acid,
Xmax..ZOA,mp). .Thusnfiomycidine,might have maximum.absorption in the
ultraviolet region but at very short wavelength (< 200 mu). The forma- -
tion.of.acetylviomycidinevcannot'be rationalized on the basis of struc-
ture XL for,ﬁidmycidine except by assuming isomerization to XIX. However,
sufficient data are not available to assign the stfucture.of acetylviomy~
cidine with any certainty. .

The estimated absorption values for structure XXXIX are pot as
close to the values observed for viomycidine as the estimated values for
structure XXXVII. However, the values are not much worse than the esti-
mated values for XIX. Therefore the nuclear magnetic resonance data are
not.sufficient.to eliminate.structure XXXIX from consideration. The éhem—
ical evidence is more diffiéult to explaih‘than on the basis of structure

XIX or XXXVII, since isomerization cannot oceur to give XIX. Of all

structures considered, XIX furnishes the best explanations for the observed

chemistry of viomycidine.
The pathway for the transformation of XXXIX tb 2-aminopyrimidine

is pestulated as follows:

NH

H,

H
N—F—IQI
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This‘expianation for the formatiOn‘df'Z—aminopy;imidine.is quite reason-
able as is the following proposed pathway for the formation of pyrrole-

2-carboxylic acid.
H

B N—C—Ne—p— H N—s
> v 2 :
i ’ .
7 CO,H 00
‘ : N

XXXIX | .k./

T O
- ) ) -
/H2 ({/.—COZH CH, - ({}3~COZH

NH, " LHZ |

No rationai mechanism is obvious for the formation of glycine or

for the formation of XXXII, the postulated structure for acetylviomycidine.

A reasonable structure for acetylviomycidine, on the basis of XXXIX for

viomycidine would be XLI, which could be formed in the following way:




HNHfIl—NU )K
" C0,H l

XXXIX

CH@—-N——A——CH

Structure XLI éhduld définitely have an ultraviolet absorption sincé it
contains a system of extended conjugation. The lack of ﬁltraViolet ab-
sorpéion.by acetylviomycidine, the abseﬁée of a rapiohal path for the
formation of glycine, and the rélétively poor agreement of estimated

nuclear magnetic resonance absorption values are considéred reasonable

evidence that viomycidine does not have structure XXXIX.

92
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CONCLUSIONS

Previously recorded prdperfies of viomycldine have been confirmed.
Additional evidence has been obtalned which very strongly indicates that
viomycidine‘contains”adAl—pyrroline ring with'guanidine.anducarboxylic
acid functlonal groups.. A“previously.suggested structure (I) for viomy-
cidiné'has been rejected by the isolution of pyrrole-2-carboxylilc acid .
from alkaline.hydrolysisfof.viom&qidinejm”This_resulted in the proposal
of.XIX“for«viomycidinq;.this proposal wus further supported by the iso-
lation“of/2-aminopyrimidiné and glycéine from alkaline.hydrolysis of

viomyeldine.

[
C—NH

i
N—f 2

X\~ 00,H
I - | XIX

The nuc¢lear magnétic resonancé,spectrum of Vibmyciaine has been
éxamined.criticélly and has been compared with suitable model compoundsq
Structure XIX has not been found to be completely satlsfactory with
these results. ‘Au alternate structure, XL, 1s suggested for viomyci-
dine whic? 1ls more compatible with the nuclear magnetic resonance re-
'sults. The chemical data obtainéd'are not as easily rationallzed if XL,
rather than XIX is the structure, isomerization of XL to XIX during

alkaline hydrolysis and acetylation being required.
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Few additional experiments are)direetly‘suggested as a result of.
this.reseatéh.. It has been‘shewn that no,methylamine results on barium
hydroxide hydrolysis of viomycidine, in which the.mejor:product ob-
tained was pyrrole—Q—carboxyliefecid. Coneidering structure XL, it would
not be unreasonable to,antiCipate,someAmethylamine,to tesuit on strong.
elkaline.hydrolysis. It would be worthwhile tovdetermihe the nuclear
magnetic resonance spectrum of the volatile bases from a strong sedium
hydroxide hydrolysis of,viomycidine to determine if any methylamiﬁe
were presént. |

. Viomycidine has been shown to Yield an acetyl derivative for
which structure X¥XXII is proposed. It has recently been reported (56)
that,hydrolyéis of the aﬁtibiotic capromycin produces a guanido amino
acid for which, on the basis of limited data, struCture,XLiI.is pro-
posed. The.remarkeble'resemblance of this structure to‘thatjprOpdsed
for acetylviomycidine is readily seen. If a small quantity of the
aﬁino acid derived from capromycin could be obtained, it would seem
worthwhile to reduce some ecetylviomycidine end subject the product

to acid hydrolysis to determine if XLII were produced.
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N NH

H—CO,H ‘ CH—GO,H
| ‘ : :
EN—(—CHy H,

N _ .
povani o - XLII

.As isomerizatidn of XL to XIX in aikaline solutibn is postulated,
it would be valuafie‘to détermine'if the nuclear,magnetic reéonance
spectrum of viomycidine.in,deuteriﬁm:oxide solution changes with .
time,.indicating,baée—catélyzedmexchanges " The results'would probably

be complicated unless isomerization is rapid compared with hydrolysis.
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Figure 1. Nuclear Magnetic Resonance Spectrum of Viomycidine
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Figure 2. Nuclear Magnetic Resonance Spectrum of Viomycidine
Hydrochloride in Deuterium Oxide Solution.
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Figure 3. Infrared Spectrum of Acetylviomycidine.
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Figure 4. Nuclear Magnetic Resonance Spectrum of Acetylvio-

mycidine in Deuterium Oxide Solution.
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