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"The Chemistry of some Streptomycin Derivatives”

The history of the chemotherapy of tuberculosis is reviewed, with
emphasis on the newer experimental drugs such as ethambutol, kanamycin
and L, h'~di=isoamyl oxythiocarbanilide, The recognised regimens in
tuberculo~therapy are discussed briefly in order that the current status
of streptomycin may be appreciated,

The chemistry of the aminoglycoside antibiotics is reviewed in
detall, evidence of the recently assigned structures of the neomycine
paromomycin group and the kanamycins being cited as well as the more
classical degradation and structural determmination of streptomycin,
Suggested biogenetic pathways and recent mode of action atudies are
noted, the introduction being completed by an inventory of synthetic
derivatives of this group of antibiotics.

The remaining points of the chemistry of dihydrostreptomycin to be
elucidated are discussed, This includes confirmgtion of the configurati
of the glycosidic linkages, and direct proof of the nature and ring form
of dihydrostreptose, the central molety of dihydrostreptomyein.

Early workers degraded the trisaccharide dihydrostreptonmycin with
methanolic hydrogen chloride into the diguanidinoinositol, streptidine,
and the methyl glycoside of the glucosaminide, dihydrostreptobiosaminide,
the latter is composed of the methyl lyxofuranoside, dihydrostreptose,
linked glycosidically to the hexosamine, N-methyl-L-glucosamine. Furthe.
acid degradation, however, led to destruction of the dihydrosireptose and
this was not isolated.
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D=glucosaminides are known to be very stable to acid hydrolytic
conditions, a stability attributed to the positive charge on the amino
nitrogen group causing repulsion of the proton and suppressing formation
of the intermediate carbonium ion, MN-Substitution of the methyl
Deglucosaminides with an electron withdrawing group has been shown to
facilitate glycosidic cleavage; the formation of an electronically
neutral substituted amino group, such as the acetamido group, apparently
allowing protonation of the glycosidie bond, Hydrolysis of the
N-substituted glucosaminides, however, is accompanied by removal of the
substituting group, and the rate at which this occurs at the expense of
glycosidic hydrolysis is spparently dependent on the electrophilic
properties of the substituting group.

In this present work dihydrostreptose was obtained from the L-glucos-
aminide methyl dihydrostreptoblosaminide by application of the above
theories. The N-(2,i~dinitrophenyl)-(DNP), N-acetyl- and, N-tosyl~-
derivatives of methyl dihydrostreptobiosaminide have been prepared, the
N-acetyl derivative has been obtained by a variety of routes., Samples
of N-methyl-D-and L-glucosamine and some novel H-acyl derivatives have
also been prepared for comparison by paper chromatography with various
hydrolysis products,

The acid hydrolysis of methyl N=(2,.=dinitrophenyl)-dihydrostrepto-
bloseminide has been investigated in detall; paper chromatographic result
showed that hydrolysis had ocourred with 2N hydrochloric acid, The
hydrolysis of methyl Neacetyldihydrostreptobiosaminide ylelded a small
sanple of dihydrostreptoss, which was characterised as the free sugar and
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the moncacetate. Methyl N-acetylstreptobiosaminide dimethylacetal the
analogous derivative of streptomyein under the same acid conditions gave
only N-methyl-l-glucosamine, the streptose moiety being degraded.

Deanination of methyl dihydrostreptobicsaminide with 1,2,3-indane
trione hydrate was attempted unsuccessfully, as was cation-exchange
hydrolysis of this compound,

Engymatic cleavage of methyl N-acetyldihydrostreptoblosaminide was
also unsuccessful under the conditions tried.

The second section of the thesis is devoted to glycosides of dihydro-
streptobiosaminide, Methods of glycosidation, the Koenigs-Knorr, the
Helferich and the Fischer syntheses are reviewed. Transglycosidation
the acid-catalysed replacement of the methyl by another aglycone was
attempted with methyl dihydrostreptobiosaminide and ylelded the bengyl,
phenyl, P=-bromoethyl, cyclohexyl, m=cresyl and anisyl glycosldes. No
mechanism has heretofore been proposed for this substitution, An
examination of its relation to the Fischer glycoside synthesis suggests
that the furanocse ring of dihydrostreptose would facilitate the reaction
and that the ease of glycosidation provides indirect evidence of the
nature of this ring in dihydrostreptobiosaminide,

The phenyl and p=bromoethyl dihydrostreptobiosaminides have been
tested in vitro against Mycobacterium tuberculosis.

Nuclear Magnetic Resonance studies of various dihydrostreptomyein
derivatives are also interpreted.
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INTRODUCTION

Tuberculos is has been a major scourge of mankind throughout
recorded history but a dramatic decline in Qortaiity from this
diseaso has boon ovident in the Western World over the past two
decades. The death ratc per 100,000 from all forms of tuberculosis
foll in Scotland from 64 in 1941 to 37 im 1951 and 8.5 in 19611.

In Fngland and Wales over the same poriod tuberculosia deaths
regressed ffom over 28,000 to 13,800 and 3,300. There werc
45,000 notified cases ia 1951 falling to 22,000 in 1962°,

This decline represents a joint triumph for chemotherapy and
public health. It oan be attributed both to the introduction of
the major aatituberoculocus drugs and to the extensive mase radio-
graphy campaligns contributing to early diagnosis of pulmonary
tuberculosie, Bo finer tribute may de paid to thé.kucooss of this
work than the olosure of many tuberculosis sanitoria throughout
the Westera World.

On the distaff side however thore are the great human problems
of the East where living conditions with malnutrition a;d the
dissemination of this wasting discase. Diagnoais and treatment
are often %00 late and generally too expensive. Statistios for
1960 give the respaoctive death rates per 100,000 caused by
tubercalosis as 39 in Japan 64 in Hong Kong and for comparison 8.9

3

in” Fngland and Wales.
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Lgain there ias the problem of pesistance where the causative

organiss Mycobacterium tuberculosis develops strains intractable te =11

three major drugs. Hewer drugs such as ocyoloserine aro more toxic,
u serious factor im the long term administration necessary to combat
the dicoase, and the present mortality rate still leaves musch to be
desirad,

It is evident that thé chemctherapy of tuborculosis has not been
as successiul as with most other infections, The nesd for an agent
whick would be effective on short fterm therapy and lead to eradication
ecf the disoase is long falt, The examination of the chemistiry of
antitubercular antibioctics in complete astereochemioal detail has
hitherto been mainly of academic interest. According to Waksman4
eventually a firmer link must be forgsed beteen structure and mode
of action, before chemotherapy can become & completely rational

discipline. The =work of this thesis it iz hoped will be 2 contribution

towarde this end.
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TUBERCULOSIS

The Calsative Organiasm

Mycobacteorium tuberculosis the ca.oative orginism of tuberculosis,

first described and isolated by Kochsin 1882 in his classical
treatise, belongs togother with the leprosy bacillus Myco. leprae

to the farily Myocobactoriaceaec. The organisms are CGram-positive,
ossentially pathogenic, non-motile, aerobic, non-spore forming rodsj
thoy are readlly distinguished on staining by their unique acid-
fastness, thae tuberculoasis bacillus being the most strongly acid Tast
of the ganueé.

Thero are several kinds of tubercle bacilli varying according
to the animzl infectod, the more important being var. hominus and
var. bovis both of which are infective to man. In 1937 a third
mamualian type murine bacillus was isolated7,lwhioh has been utilised
for vaccines (Vile vaccine)8’9.

The property of acid fastness reflects fundamental underlying
chemical properties of the organism which have bcen stu&ied more
extensively perhaps, than for any other miocro-organism. It is
attributed to a lipopolysaceharide composed of a mycolic acid (t.v.)
and a complex carbohydratsloa. The characteristic is most pronouneed

in the lipoids of the cytoplusmic membrane and in the internal granulcs

of the fixed cellll. Some young:r cells lack this property which is
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2 12
most pronounced in mature ioras .
The unclaspsified Mycobucteria are a source of increusing consern.
Since they interfere :4th diagnosis und may even cause similar

lesions to Myco. tuberculosis but be resistant to ohomotherApy13’14’15.

The Disease

The hoet tissues whioh usually become infected with Myco.

tuberculosis via the respiratory tract16norma11y react against the

organism in characteristic fashion. The bacilli are first ingested
by 8 normal monocyte, which alters to form an epitheloid cell.

Several of these form =z cluster within 3 %o 4 days representing the
beginnings of a tubercle, the typical lesion of the disease.

If the hosts resistance allows, this clu-ter grows progressively
causing pressure to be axerted on surrounding host cellq, which
thereby die of nutritional deficiencies., This has dbeen studied in
the rabbit ear ohamborlT. Numbers of adjacent tubercles ooalesecs,
and the enclosed host tissue dies and becomes necrctic. This tissue
which would be expected to undergo liquifaction by means of phagoeoytie
enzymes only undergoes partial awtolysis to a cheese like mass casection.

The mechaniem of caseation however is not fully understond. Sabinle

and her collsagues showed that injection of certain lirid fractioas

from Hyco. tuberculosis caused a similar formantion of caseous tissue

to occur, though as Rich19 remarks, the amounts of lipid
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employed in these expcrimeants are much greater than those present
in the tubercle. Caseation may rapidly involve the lung and other
infected organs, and if the tubercle is in thc lung the anecrosis
may extead until it invades and breaks through a wall or bronchus.
Caseous material containing millions of living bacilli is then
discharged with .the sputum by coughing, and a large &ovity is left
behind. The disease 1e then said to have reached the cavitation
setage. The cavity generally tends to heal leaviag a scar, which
becomes fibrous (fibrosis), the main constituent being collagen.
Later the cavities may calcify to leave life lqng eyidenoe of the
occurrence of disease - the calcification stage, which often signifies
approach towards arrestIOb.

The nature and formation of the tuberculous lesions has been
desoribed and reviewed elsewhere  °?139120

Brownlee has reviewed the biochemical reactions concerned in
the exceedingly complex hoste=parasite relationzo. Four major

factors are involved.

Cord factors: Tubercle bacilli contain a lipid substance which

enables them to reproduce and est:blish tuberoles in the host, This
substance named "cord factor"™ by Bloch21haa been the subjeot of
extcnsive chemical studies, mainly by Lederer and his associates and
was rev#ewcd in 196122. The product isolated from the wax fractions

of the bucillus, (Strains H373vand B.CueG.) is purified by reveated
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chromatography on a silica column yielding an almost colourless wax,
melting at 40°c ['_eq gﬁ +3023’24. Dogradation studiecs showed the
presence of two molecules of a high molecular weight, £ -hydroxy
acid with a long & side chain a "mycolic acid™ charactoristic of

hoahotertazs togethcr with one molecule of & =trehalosec a non=-

reducing glycoside. Further painstaking infrared and chromatographic
astudies revoaled the structure of "cord -faotor" aa 6,6'=di-0- °

mycoloyl-o{ ;) -trehalose (1)26.
OH

|
GH,0~CO-CR-CH=CL H, 5

CogBa9  on

(oH)

go \PH ' H
OH Zn
(1) 0-CH-CH=Cg 0¥y 20( OH)
Ca4H4g
Variocus synthes#s of "cord factor" have been achieved which give

bioclogical activity indistinguishable from the natural product27’28.

Chemotactieo Substancess Tubercule baoilli contain substances which

resist degradation by the body's ordinary defence mechanism. Instead
of being ingested by polymorphs and oarried into the lymph nodes for
digestion, they are absorbed in eitu by monocytes which may be turnsd,
along with neighbouring monocytes into a tuborecle. The specific
substances involving the chemotaxis of monocytes has not been
pinpointed. Work by Sabinlausing,varioua 1ipid fractions of

dycobacteria observed altcration of monooytes. It ie now known that
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the branch chain fatty acids present in the lipopolysaccharide eg.
mycolic aoid afe active in this way. Delauney and his co~workers
zdemonstrated that the peptide-glycolipid Wax D produces similar
cellular modifiqationszg. According to Brownlee this may be a non
gpecific effoect of the fatiy acids2o.

Hypersensitivity Besponses The complex delayed hypersensitivity

response typified by the Tuberculin Resaction.
Multiplication of the baoillus releases a product of metabolism
which induces hypersensitivity of adjacent cells with the result that
&n otherwies ‘innocuous product becomes a poison responsible for the
death of cells. This remarkable host-parasite relation is responsible
for most of the clinical manifestations of the disease.

30gna Rarfo13'sstablished that & mixture of purified

Choucron
ohloroform scluble wax together with protein from the bacillus induced
on injection to guinea pigs, the tuberculin type of sensitivity to
the protein. The protein from which the wax was removed failed in
%he induction of the reaponso32, From further studies by Raffel

in associastion with Loderer33into the nature of the adjuvant wax it

wac ooncluded that Wax D lipopolysaccharide composed of mycolic acids

esterified with polysaccharide were most active. Raffel has

reviewed hypersensitivity response in detail (1953)54,
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The taxicity of "cord factor®™ also plays an important role in
ieworing host resistancs. A single small injection of "cord factor”,
which by itseif has no deleterious effect, causes tuberculous
infections to progress more rapldly than in controls, mice being the
test animala35, A large injection (5 - 10 ug) of "cord factor®
or a seriss of smaller ones kills the adult mice within 5 to 8 days,

pulmonary demage being the most conspicuous aymptom.

Acquired Resisiances This may deveiop in the host to modify the

course of the discase. The labile antigon which reduces this

resisteanece is not a8s yet uridentified.
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THE CHEMOTHTRAPY OF TUBLRCULOSIS.

The organism Mycobacterium tuberculosis is well known for its

slow rate of division36

phase of metabolismlgc. As the antituberculous drugs are all active

and slso for its ability to enter a resting

on growing organisms, being baoteriostatic rather than bacteriooidal,
this constitutes & major problem in ochemotherapy of the diseass and
is responsible for relapses. The early concept of a continous
protective lipoid capsule to explain the ability of the organism to
survive in adverse conditions e.g. acidic and alkaline has been
rojected, as many water-soluble, non-lipoid-soluble molecules are
ingested for metabolism2oand all offeotive tuberculosats known are
associated with water-solubility rather than 11poid—solubility37.

The iesions of tuberculosis where the bacilli are fairly central.
roquire that an effective drug has sufficient diffusability to
penotrate to this site of action. Hany studies have been devote-l
to this requirementIOd. In general, adequate blood supply is a
most important factor. Recent tubercles are more susceptible as
they have greater blood circulation and thercfore higher drug
concentration. In casegqus tissue there is no blood supply and
penetration is mainly dependent on passive diffusion.

Having achieved an efiective concentration in tissue the agent

has then to enter the bacterial cells within the phagocytes in

inhibitory concentrations. laokan95938

using tissue culture techniquos
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showed that much higher concentrations of drug are necessary to
inhibit the growth of intracellular bacilli than those in tissue
fluids, though some drugs possidbly due to diffusion charactoristies,
are more e¢ffective than others in this respect,
The critoria for the ideal antituberculous drug may be summarised
as follows.
1. It should be toxioe for tae tubercle bacillus, non-toxic for
the host.
2. It should be readily administered preferably orally.
3. It should enter the tubercle and attain the site of action
in tudberocle bdacilli avoiding complications of the disesase.
4. It should aseist the patient to achieve the non infective
state and prevent relapse.
S The agent should accomplish these enda as rapidly as possible.
The drugs at present available for the treatment of tuberculosis
depart from these criteria in at least threo wayss Shey are suppressiv
rather than eradicative making long term treatment necessary (ovor
two yearas aftor the disappesarance of active tuberculosis)j resistant
strains of the tubercle bacillus emerge making the valus of subsequent
treatment doubtfuly they are frequently ineffective against
chromogenic strains a variety showing up more often, Fitlpatriok39
has been searching for drugs for short torm therapy in experimental

tubercualosis, a fresh approach which has not yet had marked success.



1882
1938
1939
1942

1944
1946

1951

1952
1955

1958

1959
1960

History of the Chemotherapy of Tubsrsalesis
Table 1.

Causnativo organism discovered

Sulphonamides tested in experimental tuburculosis
Dapsone ameliorative in experimental tubercalosis
Promin (Sulphone) found effective in guinea pig
tuberculosis.

Streptonmyoin very offective in human tuberculosis
PeloeSe offoctive againet human tuberculosis
Amithiozons (Tibione) active against human

tuboezrculosio

Ieoniagid highly effoctive in human tubercalosis

Viomyein found to be active in humen tuberculosie
Pyraginamide affed¢tive against human tuberculosis

Cycloserine proved active against human tubercalosis

Kanamyoin active against tubsercalosis

Ethionamide shown active against human tuborcalosis
4, 4-isocAmylthiocarbanilide active agiinst human

subercalosis

1361=3{ Ethanbutol in exzperimental murino tuberculosis

11,

Kooch
Rioh
Rist, Buttle.

Feldman

Wakeman
Lehmann
Various
Workers
Domagk

Various
Workers

Finlay
Eushner

Harned o
E.pstein.

Umezawa

Brouet
Buu~Hoi

Wilkinson

et al,
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HISTORICAL

The search for an agent capable of inhibiting the organizm or
arrosting the discase without undue toxiocity to the host begnn at
the time of Kooh'es discovery of Mycobacterium suberculogis as the
causativo organism. Ehrlichs pioncer contridution to antimicrabial
ehomo$horspy with the antispirochaete arscnical Salvarsan intensified
this search, he himsclf experimenting with many dyestuffs, but to
no avail. |

The time=lapso before the advent of the sulphonamidos, ¥ia

4°nask- the extensive detailed

dyestuffs twoenty five years later
fundamental studies of the organism and the dissase as well as
the despairing effortes to find ourative properties in anything
with denonstrated activity against any disease.

Even into the 1930‘s such medieval forms ofvtroatmont as mud
41 42 43

baths ~ , rav spleen , intravenous charcoal -, wero being guoted

as slleviating the disease. Gold and other heavy metals aaltn44
vitamine, calocium salts and quinine were among the more conventional
forms of thorapy‘sbut none of the hoet of agents tried was shown te

be, unegquivocally antituberculous.
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With the introduction of the culphonamides, many bacterial
diseasen oams under effeotive ooqtrol for the first time. The
sulphonamides wers tasted both in vitro and in vivo against
tuberculosis, and sulphathiasole in particular, according to

46uas shown to exhibit some activity. They all

Domagk'a results
proved $oo toxic however for cliniocal use in tuberoulosis, but there
is little doubt that the stimulus provided by this partial success
heralded the modern era of chemotherapy of tuberoculosis.

At this timo many laboratories wers working on sulphonamide like
compounds and attention was fooussed on the related sulphomes,
typified by the parent. compound, 4,4o-diaminodiphenylsulphonn (11)
{(Dapsone). Buttle and Rist47’481n 1939 demonatrated th:.t this

agent was effective both in wvitro and in vivo against the hitherto

(1)

impregnablo tuberculosis bacillus. Iapsone proved too toxis for
olinical use as trials were still in progress when other more effective
agenta were discovered, but it is the moat effective antileprotie
known,

The manufacturing laboratories attempted to produce less toxic
and more effective derivatives of Dapsons. A number of compouﬁda
of limited olinical value were formed by substitution of the amino
groups, the more important of which were,>Promin49(sod1um p,p'-

diaminod1phenylau1phoneg§t§g- didextrose sulphonate (111),and



g

14,
culphotronosotetrasodium 4,4=bis ( {:phenylpropylanino)-diphenyl—
aulphone-¢ ,(,q.{-tetruulphonate (1v). These are said to act |
by conversion in vivo to the parent Dapsone and are less toxic bu®
less activosl. The most affective of the sulphonea Promisole
rsported in 194452vas formed by substitution of a thiazole %ing in
place of one of the phonyl groups of the parent compound giving
4,2° adiaminOphon71=5othiazolylsulphon053 (V), this was uaed clinically

for a short time,

NHGH( CHOH ) ,CH,,0H 50, |—< >°“°“2‘£m‘ $0.
I éO HaS0_Na

SOsNa. 2 L 3 e 2

o

AN

(211) (1iv)

= @““’z‘z—t
(v) 7 8lg

At thia timo another series of researches came to fruition. In
1940 the Mational Tuberculosis Assocociation (U.S.A.) had financed
studies by S.A. Waksman of Rutgers to obtain by special procedures,
soil organisme antagonistic to the baoillussq. After a soreening

programme for antimicrobial metabolites, amongut the clase actinomyceter

25

(which has since hecome a model), Waksman and his colleagues in 1944
obtained a crude conccntraste from the culture filtrates of Streptomyces
grisous which was effective in vitro against a variely of organisms
including jdyco. tuberculosis. Its low toxicityséasgindioated that

is would.bo affective against typhoid, brucellosis and




i5.
tuberculeeis. Those early hopes were bornoe out in the e¢linical trimle
by Peldzan®® and aleo by the British Medical Research Council®?, Thus
streptomycin became the first relatively roa=toxic effective anti=
tubersulous chemotherapsutic agent. The details of the chemistry,
biosynthesis and mode of action of streptomycin (VI) will be given

elsevhere together with the ialaﬁed antibiotics Neomyein, Paromomycin

£ pecond antibiotic dorived from this scrsening programms wae neomycin
(VIXI). It was found active in vitro and in vivo against myoobaotariaél
However its severs toxicity has precluded its clinical use in tuberculo=
therapy but on account of ite close chemical similarity to streptomyecin i
is of Anterest.

Also in 1944 as the culmination of six years' work commencing with
the observation by Bernhaim62thnt the oxygen consumption of tubercle
bacilli wae incoreased by salicylates and benzoates, it was announced

that the synthetic compoun? p~amincsalicylic acid (P.A.S8.) (VIII),
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was effective againat buman tuberculoeis, This waa the best of a

number of benzoic ascid substitution products tested by Lehmsnn63.

COoo"

OH

NE2

(viil)

P.A.S. was not long used in monotherapy of. fubcrculosis as it
wan found to be only weakly active and resistant strains emerged fairly

rapidly. The optimum dose was not determined but initially 10 to 15

64

grammos per day was found effective and practical ', in pulmonary

ddgease . 1t has an established place a3 n major drug in tuberculo-

therapy its principal value being as & companion drug to other agenis

65,66,67

such as streptomycin whose action it appears to prolong and

enhance. The drug is only mildly fozic - the fact that 20 g. may be
consumed dalily is 8o indicative; the sodium msalt is better tolerated
than the frce acid; tho most common toxic disturbance is digestive

upset, Hoxre moricus rare side effeots which include hypokalaem1368,

69

goitrogenic effects “, sevare allergic reaction7o, and liver damage

71

eg., Jjaundice occur .

The discovery of the effeoetive but toxic thiomemicirbasone
antituberculars by Domagk and his associates in 1946723tommod from
hies investigations of the limited in vivo tuberoculostatic activity
of the sulphonamides. He had found that sulphathiazole (1X) and

46,73
2

the related sulphathiadiazoles (X) were most aetive and
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'?46:25%02”“§Sfi2y ngiQ{Zlikmbsn ‘ .n

(ax) (x)

CKscGElh‘Q C=4 .EHC'SRBZ

(x1)
he beliecved that the greator activity of these sulpha compounds was
a function of the thiazole ring. Further German investigntors
(Behnicch) rospongive to this argument, found that the open chain
arrangement of the nitrogen and sulphur atoms was equally or morec
offectiva14. A number of compounds were producad some of which
woere very active dbut also highly toxic. Domagk found that leess toxic
compounds were less active bacterioclogically whilst more active
compounds secemed more toxic!?. Amithiazone (Tb.I, Tibiona) (X1)
was the best of the compounds investigated, this being used clinically
espeocially in Germany in doses of about 200 mg daily, dbut its toxicity
whioh included gastro intcutinal effects, and severe liver damage,
caused the decline in its usee.

This line of research culminated in 1951«52 with the simultaneous

announcegent by three laboratories of the most effeotive antitubercular

to date;, 4gonicotinic acid hydrazide (isoniaszid I.N.A.H.)77’78’79L311).

Fox in attempting to prepare isonicotinaldehyde thiosemicarbazone (X111)

uged I.N.A.H. as an intermediate and foundaathat this intermediate
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81

Tirst described in 1912 "was very active against Myco. tuberculosis
CQNH.IKZ CK::H.HBCSEEz
(x21) {x111)

Poxazhas reviewaed the structure antitudbercular activity relation-
ships of I.ui.A.H. and related compoundsa. Many attempts have been
mgde - to modify the structure of I.id.A.H. improving on its action, bat
none of the derivatives has.. become an accept:d Arug, For a time
iproniazidSJ(XIV) was shown to be therapeutically valuable but later

84

proved too toxic for routine use .

CONHE . SRCH{CH. )z CONE, Fus=fl - Sfroptojvciu
(Xav) (xv)

An interesting compound preparad by condensing l.N.A.H. through

the aldchyde group of streptomycin is streptohydrazidss(XV).
This was shown to be effeotive and well tolerated in a brief study

on & small number of patientsas.

The therapeutio efficisncy of I.N.A.H. has besn well documented
(HcDermottBT,Croftonsa, uiddlebrook89, Ferrebeo9°, M.R.C.gl) both
alone and as a compaanion drug with P.A.S. or streptomycin. It is ghe
moat effective of the major drugs by ituself, the dose being about

300 mg. dailya7 though, due to development of resistant strains,
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monotherapy is no longer recommened.

The moet commonly obsorved toxic effect is peripheral neuritis
which is more frequent in high doaesgz. Various observers after
noting that these wore the symptcus of Bg (pyridoxine) deficiency
have administercd this vitamin as an adjunat to I.N.A:.H. therapy.
McDernottsThowever suggests that although the reaction between
I.R.A.H. and Bg to give a hydrazone is easily reversible it resulis
in antimicroblal deactivation.

93has written that one of the pathways of investigation

Fox
which led to the discovery of I.N.A.H. was en investigation of the
antitubercular activity of the vitamin nicotinamide (XV1) first

obgerved in 194594’95. These studies led Kushner and his

J O

(xv1) {XV1a)

coworkers to prepare the pyrazine analoguegs(XVIa) which was found
fairly active. This drug used alone is of limited value, but it is

of great effect in combination with I.H.A.H. or streptomycin.

81

MoDermott "states that it is probable that pyrizdnamide containing

regimens are most active of all used and cause no gastro intestinal

upsets. Unfortunately about 3% of patients suffer from hepatitis

and jaundice and 1% are fatal. For this reason it is only employed
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at & dose level of 20 mg./Kg. in cases resistant to the main drugs.
The year 1951 also witnessed the discovery of a sacond antibiotic
antitubercular viomycin which was later found to be a grouap of
subntancea. This group consist of metabolites of & number of
98

actinomysetes, Litreptomyces punioegggT, S. floridae” , and S. vinaceus 33

The chemistry of this oomplex has yat to be fully elucidated but 1t

Q0

probably contains threa components Vinactins A,B and Cl » which are

strongly basic and possibly cyclic pelypeptides, Viomyein ie largely

: 101 "
Vinactin 4 . It ogours as a polyacidic base 017-18831—33N908

marketed as the erystalline sulphate, vary soludble in water., Hydrolyseis

products yleld several amino acids together with a guanidine positive
(Sakaguchi) and ereatinins groupIOd. It 1o stable at pll 6 for &
weok in squeous solution in whiech form it is administered as intra-

muscular injeoctiog. 1%t has only moderate activity in tuberculosis,z2nd ic

less aotive than streptomycin103. Use is limited to cases where

organisms are resistant to the major drugs, careful attention being

104

paid tc toxic signs e Toxicity includes renal effects, impairment.

of vegtibular function and deafnesalo3.

A third antitubercular antibiotic cyeloserine (XV1l) introduced

in 1955 has found limited use in cases resistant to the major drugs.
105

Derived from 3treptomyc@s orchidaceous™ “as well us other sireptomyces

species. Kuebhl and his associat@8106, identified it as
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D=4 amino—3-~isoazolidi~one, Synthesis of cyclogserine and saveral

106,108
of its analogues has been fdoccomplished =’ =

(SO YIE -

(xv11) (xviil)

Soluble in water, stable in alkalif : but very unstable in neutral

or acid solutionlos° Cycloserine is usually used as a companion

drug with I1.H.A.H., in doses of 250 mg. twice dailyBT. Unfortunately
it 1s neurotoxic if this dosage 1s exceeded, the toxiocity manifesting
itself in eplleptiform seizures. Hearly all e¢linical reports have

: 109,110
mentioned psych)tic efiects in a percentuge of patients .
The margin of safety is low and toxic effects are frequent. If a
lower dose were feoasable or somc means of preventing scizures available

817

this drug would join the major three 'as it penetrates most tuberculous
lesions with feeility. It has 8120 been used in leprosylll. The

mode of action of cycloserine is said to depend on its similarity to
D-alanine (X¥V1ll). The apparent paradox in the motion of cycloserine =
it is inaotive in mouse or guinea pig tuberculosis and active in

human tuberculosis may be explained by D-alanine antagonism in vivo.
D-Alanine is not found in human serum whilst it appears in mice and

guinea pig serallB.
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Kanamycin A (X1X) was introduced in 195811439 the result of a
large Japanese screening prograume for antitubercular antidioticsa,

It is derived from Streptomyces kanamyceticus and has becn shown to
115,116

related to neomyein and streptomycin,
CHpNH2 OF

bﬂ nzl‘ OH

'be a2 trisaccharide

ox
HO'

OB (x1x) CH,,OH

It is supplisd as the water soluble sulphate for intramuscular
injeoction. In %tuberoulotherapy it is less effootive than streptomycin

and otoetoxicity limits its use except for short periods in surgliocal

1
1ntervantion1“7’118. Apparently continuatioh of kanamyocin therapy

llgcauéea irreversiblelzoauditary

and veatibular damage in a siaable minorityIZI, It 18 a2lso nephrotoxic.

bayond s cumulative dese of 30 - 50 g.

The recommended dosage is 3 g. weakly divided into three intramuscular
injections each of 1 gramme. The factor having most influence on

the efficicncy of kanamycin is the type of lesiom -~ the older fibrotie
type being resiatantlzz. Crose resistance ocours with viomyecin and
neomycin but streptomycin resistant strains are said 10 be susceptible

to ksnemycin, though the reverse is no% true123’124. 87

KoDermott
L4
condemns the use of neomyocin and kanamycin in human tuberculosis on

grounds of severa toxicity.
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The introduction of o ~ethyl thioisonicotinamide {(XX) (Lthionamide)
as a tudberculostat is a further outgrowth of the work on nicotinamide

(pl9) Thioisonicotinamide (XX1)

.ssnz Sﬂﬂz
02ﬂ5
(xx) (xx1)
was first prepared and on testing was found to be severazl times mors

% 3
active tharn nicotinamide in experimental tubaroulosis‘zs. It was,

however €ou toxic for human use causing naussea. Various 2=alkyl

derivatives woere thern examined and the 2-ethyl derivative (XX) wasa
127

found even more active in animale . Introduced elinieally it

causes nausee and vomiting in 40% of csseslze. Attempts to use

129

enteric coated tablets have boen of doubtful success™ “, Its use

130 131

with cycloserine or pyraginemide has been recommended against

129,132

strains resistant to standard drugs. Conflioting reports 8 to

its clinical officiuncy raflect tho difficultics in testing new

antituberculous agents adequately. Oral dosage of 0.5 g. twice daily

133’134. Suppositories have also been used135

eppears £o be optimal
with equal effect. Liver impsirment hes alsec been reported a rare
side effeot132’136’137. The gastro-intestinal side effects are said
to de reduced by simultancous Vitamin PP (eholine phosphate)

admiuistrntion1385139o
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A recent synthetic tuberculostat introduced about 1960 ia
4,4'~diisoanyloxythiocarbanilide (XX1I) the discovery of which stems

from work begun in 1941 by Mdayerid0 investigating the anti-tubercular
activity of cortain antifungals. Thiourea and its derivatives wereo
thus found to exhidit antituberocular aotivityl4°°141, but due to
goitrogenic action were of no clinical value,

e r Qe -

(Xx1I1) (XX111)

It wae only in 1992 that Hayer142 and Buu=-Hoild3 independently
found that diarylthioureas are deveid of this drawback and a series
of-those were prepared and tested in experimental tuberculosis. iho
best of these was thoe 4,4'-diethoxy compound144(XXIII). Buu-Hei report
this as being of value in leproa3145 and having been used cliniecally inp

the Soviet Union in tubarculoaiel46. However the 4,4'=isoamyl
147=14%
derivative was found to bo more active in experimental tuberculosis

Various recent clinical reports indicate that at a dose of 2«0 grammes p
day orally orxr 100 mg/xg this drug compares favourably with P.A.S. and
ethiongmidolso’152. Toxic disturbanceg are chiefly intolerance,

pausea and vomiting. It is too early to assess this drug adequately
but it would appear to ba a useful addition to the arsoenal »f new

antituberculoua agents active ageinst resistant strains. Scme struins

have been observed croas-
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reosistant with thiosemicarbazones and ethionamidolSB.

A random screcening programme for tuberculostats found N,N‘e
diisopropylethylene diamine (XX1V) protected mice from an otherwiss
fatal dose of tuberculosis, Syntheeis of numerous rslated
compounds did not improve this activity until hydroxyl functions

were 1ntroduced154. The most promising of this series was found

to be Dextro=2,2'«(othylenediimino)-di-l=butanol dihydrochloride
(Ethambutol)(XIV)l55(1961). This has an efficiency index tolerance/

potcenocy similar to that of I.N.A.H. orally and is superior to

154,156 157

and guinea pigs °
158

It appears to bhave an effect only in proliferating Mycobacteria o

stroptomycin by the paranteral route in mioce

Tho levo~imomer shows no antituberculous activitylss.

cns\\ /353 0235 f2H5
’/,cnﬂa.cazcuzuuch nocnzcnun.cnzcnzuncucuzon
0H3 GH3
(xx1v) (xxv)

When tested with 1.M.A.H. in guinea pigs the activity of bdboth
drugs was enhanced159. it is also sompatible with streptomgc1n154.
Clinical tri.ls are in progress and one rccent report gives details
of the combined use of ethambutol and 4,4'-~diisoamyloxythioccarbanilide
in advanced drug resistant tuberculosis which gave improvement.

160,161

Beversidle sight effects were observed » in some pationts the

dose uged being 1 to 2 g; daily. Tablets of 500 mgm. are supplied
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25 mg/Kg. being reeommendedlsl.

The above listed drugs represeant the agente utilised by the
clinician in the chemotherapy of tuberculosis. AS has been noted
whilst reviewing the individual compounds, two drug combination
therapy is to be preferred whenever possible. This enhances the
effect of each drug, delaying the omset of Mycobacterial resistance to
either. Brief mention is here made of soms routine regimens
extensive reviews having been written in the clinical Journalse7’162’16?

The three standard drugs are always tried first, the second
line drugs being reserved for cases resistant to this therapy. The
mos$ uaseful treatment is probably P.A.S. (12g.) and I.iW.A.H. (300mg)
daily as these druge réquire no injection and can te used. for out-
patients where hospitalisatioa is impractical.

Streptomycin (1g.) daily in combination with I.d.A.H. (300 mg.)
is probably more effective and is a woll recognised regimen as also
ie a similar treatment with streptomyein ( 3 x 1g.)weekly. The
disudvantage of these being that the parenteral route % recuired,
Yreatment with P.A.S. (20g.) and streptomyocin (1lg.) daily is not such
an offective regimoen but has glven good resultclsd.

1l
A receont 4.R.C. report 653uggasta that I.N.A.H. (2 x 200mg.)

P.A.S. (2 x 5g.) supplemented by streptomycin (1lg.) daily for the
first six weeks gives batter results than I.N.A-H. with P.A.S.

without streptomycin. This report also emphasieses the nsed for
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continuing therapy over 2 years to prevent relapse, a topic reviewed

by Pox recentlylés. In older patienta streptomyein regimens must de

used with cnre as they are more susceptible to OtOtoxicity167’168.

In the event of resistance to these major drugs -~ and thie is an

169

ever incressing problenm » rasort must be given to the newer more

toxie drugs. Theee should always be administered in hospital where
vigilance quickly reveals any toxic manifestations. The best secondary
drug combinations have not been established . According to Crofton
preliminary evidence suggests that a combination of at least three

minor drugs is better than two. At present a combination of daily

|
ethionamide plus pyrasinemide plus sycloserine may bs best ?}
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THE CHESISTRY OF YHE AMINOGLYCOSIDE ANTIBIOLICS,.

Hoomycin Complex.

The antibiotic neomyecin secured from the culture filtrates of

zovinomycete Streptomycss fradiae was introduced by Waksman and

Lechevalier in 19451. It was shown to be effective both in vitro and
in vivo against the tuberole bacillus, but its gevere auditory and
renal toxicity limited i¢s cliniocal use. McDermottsgondemns the

use of necmycin in tﬁberculosis.

Invecstigation of the chemlistry of neoxycin soon revealad that the
antibacterial activity of the antibiotic was not due to a aingle
disorete entity but to a group of closely related substances termed
the "neomyocin complex®, lew antibiotios have been reported which
subsequent investigations hawve shown to be similar to or identical

with tho original neomycins B und U, These include aminosidinl72,

173 175 176

’ dextromycin174, framyceiin s hydroxymyoin °

catenulin
paromomycins 1113a 11178, and Zygomyolins Al and 12119. The confusion
reigning here was caused by the difficulily of separation from mixtures
of isomers of varying properitions. Proper ocharacterisation was only
recontly sachieved by the use of improved methods for the separation
of individual components, followed by physical and chemical comparison
of their breakdown products which allowed assigment of structures
(Figure yL

Early workerslaodescribed the separation of neomycin A hydrochlorids

from culturs filtrates utilising counter—current distribution techniques.
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Deéfadation of this compound with 6 N hydrochloric acid at 140°c
gave tho dihydrochloride of an optically inactive diacidic base
063143203.2H01. This was identified as 1l,3~diamino=4,5,6«trihydroxy-
oyolohexane (XXV1) by mercaptolysic of the periodate oxidation
product, a dialdehyde (XXV1l), followed by hydrogenolysis to meso -
1, 3~dibenzamidopentane (XX1X), which was identical with an authentic

syntbetic samplela -

amsz NES_ SEt
i ~
NHBg :
@ ™
N\sEt B3
(ml) (I.xvn) (xxv111) (Xx1x)

The neomyecin A was later found to be identical with a degradation
product, designated neamine, from aoid hydrolyses of neomyecins B andlgd
The two products were compared (mixed melting poin$s, infrared and

papergrams) in proof of 1dent1ty183.

184

Dutcher and his associates first described the methanc.iysis

of neomycins Ba&l C into two components separated chromatographically

185

on methanol/alumina in equimolar amounts, The first, later
identified as neamins, =-a non-reducing diamine, and the second

differing for neomycins Banc C,the isomeric methyl neobiosaminides

B and C, the acetyl derivatives of which analysed as
01131606N2(0CH3)(COCH3)5. These fragments were further degraded by
vigorous hydrochloric acid hydralysis to give the dihydroéhloridea of

CgH)40482.2HC1, non-identical but isomeric for the two neomyeins.
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The remsinder of these disaccharide fragments appe-red to bs accounted
for by a pentose which degraded to furtural on acid hydroljsisla4.

Rinehart and his colleagues who have been responsible for the
later work in elucidating the neomycin chemistry, obtained the
fornulas of Co, .0, for methylnecbiosantnide ¢°°, from analysis of
the base, base monohydrate, and its N,N'-dibenroyle aad N,N'-di-
(p=nitrobenzoyl) derivatives. Isolation of the pentose moiety
inforred from furfural formation was complicated by the stability
of the glycosidic bond in neobiosamine. The pentose was destroyed
under conditions sufficiently vigorous to cleave the disacocharide
linkagse. Thias situntion is well documented foxr glyooslides of the

2~amino augar3187'188

» whera it is suggsstoed that profuirosl protonation
of the amino group and conssquent shielding by the positively

oharged ammonium group of the glycosidio bond from proton attack,
resists hydrolysis. This difficulty is most readily circumvented

by conversion of the tasic aminc groups to neutral amide groups waen
the glyocosidioc linkage is easily cleaved, In this oaee186the
N,H'-dibenzoylnecbiosaminides B and C were hydrolysed with dilute
hydroehloric acid, the hydrolysate being chromatographed to isolate

the neutral pentose sugar which was identified by colour tests,

189

papergram Ry values, and the osazone as D-ribose The fact

that methyl neobiosaminide on mild hydrolyuis (HIC1l) gave neobiosamine,
a single spot on papergrams was indicative of a diaminohexosidopentose,

which would be resiastant as above to acid hydrolysis rather than a



31.
pensosido-diaminohexose which would readily hydrolyue into its
tvo components.

1901dentified the di:minohoxose of neobiosaminid:

Theua worksers nexi
C as 2,6~diamino=2,6=-dideoxy~D~glucose (termed neosamine C) (XXX11).
This was achieved by the above hydrolysis, followed by sodium
borohydride reduction of the neosamine ¢ to N,H'-dibenzoylneosnminol C
(XXX)¢ and periodaie oxidation studies. This derivative consumed
2 mols of periodate producing nc formaldehyde. The periodate

oxidation product oxidised with bromine water, folldwod by hydrolysia

gave glyocine and serine identified by papergram y comparison,

cooit
?3203 o CHo=C=COOR
H=C~i{HB CHE-C-NHBn | |
\ T i OH NH
HO=C~H 1. NalO,4 OH 1 .
; TR — Serine
H=-C~0H 2. Br . '
1 . Cliy~COOH CH, i
H-C~0H ] [
| NHBg COOH
CH-HEB
2" Glycine
(XXX)

Periodate oxidation of methylbenzoylnecbiosaminide C (XXX1lb),
followed by oxidation woth bromine water and hydrolysis gave
D=isoserine from C-4, C~5, and C=~6 of dibenzoylneosamine C (XXXla}.

These dete assign the same stersochemistry as D-glucosamine at C=2

end C-519%,
?Hzgﬁpz CHoNHB,, CHoNHB, HOOC-?H«OH
NalOg 4 Bra Rl
on ;... 0 —= OO0 —_ D-Ieoserine
" 2 onRe__| 8 ROOC . / O=}
s Hiis, NHB, H, N-CH-COOR
(xxx1) 2R B Glyocdne

PR D=Eibose
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The identity of neosamine C was unequivocally established as
2,6«diamino-2,6-dideoxy~ o(on-glucoaelgaby comparison with:a syrihetie
sample prepafed as in Figure 11, from methyl H-acetyl-D-glucosaminide
via the 6-0-tosyl derivative, which on heating with methanolio
ammonia gave the 6~amino derivative. Hydrolysis with hydrochloric
aold removed the methyl glucosidic and B-acetyl groups. Comparison
of the physical properties Q@]D, Ry and melting points) of the
B-acetyl derivatives of the natural and synthetic products established
their identity which was confirmed by the super-imposable nuclear
magnetic resonance spectre, & meothod whioh is very sensitive to
stersochemiocal differences in the carbohydrate molecule.

ChsOH CHoCTs Holfip

193

A second synthesis vig D-zlucosamine nitrilec has confirmed thias

eiruoture,

Molscular rotation caloculations suggest (from Hudson's rules)
sn of =D glycosidic linkage between neosamine C and D-ribose, further
proof of this being an infrared band at 844 cm.lin the spectrum of .

H,M'~dibenzoylneobiosaminide C attributed to C~H detormation191
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This paper alsc described the hydrolyasis of methyl necbiosaminide B
to glve neosamine B dihydrochloride, isomeric with the neomycin C
derivative, this being the only portion of the neomycin B moleocule
differing from C is therefore responeible for chemical and biological
differences betwsen the two antibiotios. These are the first two
natural diaminohaxoses to be described. The full stereochemistry
of neosamine B is still in doubt, but the idose configuration (XXX111)
has been proposed based on the following observation8194’195. Pirat
periodate =« pormanganste oxidation of both'gzg'-(b&s~2,4~d1nitrophany;)w
neosaminol B and of #=(2,4~dinitrophenyl)=Deglucosamine gave Lescrine
indicating that the stereochemistry of C=? is identical, Secondly
periodate oxidation of methyl neobiosaminide B and 6-amino-6-deoxy-
glucose, followed bylgydinitrophaqylation and hydrolysis, gives
L=isoscrinealdehyde=DiP and Deisoserinealdehyde DNP respectively, which
assigns the Le-configuration to C=5, Thirdly the lack of periodate
uptake of N N'~dinitrophenyl derivatives of neosamine B and methyl-
neobliosaminide B under mild conditions suggests that the hydroxyls
of C~3 and C-4 are trans to one another. Rinehart in recent :rork
with quinoxalines coafirme C=3 stereochemistry eliminating taloselgG.

This leaves a choice between L-idose and l~mannose, the idose being

favoured on blogemtic grounds differing from D=glucose only by

inversion at (-5 whoreas L~manndse differs in C-3, C-4, and 0-51949



34.

?HO CHO ?HO ?HQ
K-?-OOH F(::-OR H=C«0H E—?-Nﬂz
{
Hobfcﬂ H=C=0H HO-?mH Eﬁﬂ?-ﬁ
ﬂ-?GOH BO-&-B H-?=0H K=f-03
i .
H=C=0H -l HO=C-H =
: HQF? é HOni H
CH,OH CH,,OH H,0H R,
D-glucose Lenannose L=idose neosamine B (XXX111)

The poeition of the ribose linkage An neobicsamine B was
dotormined by pericdete oxidation studiecs and confirmed by methylation
experiments, Hethyl neobiosaminide B subjceted to poriodate oxidation
and followed by hydrolyais released ribose indicating that neoossminz B
is not linked to C=4 or C=5 of ribose, in which case ribose would have
bean degraded by periocdate, Perlocdate oxidation of nsobiosaminol B,
obtained by borohydride reduction of necbiosamine B used 4 moles of
pericdate libersting 1.5 mole formaldehyde, thus cstablishing
linkage at C~3 of ribose rather than 0-2195,

Nopcetylmethylneobiosaminide B was mcthylated with methyl iodide
and barium oxidé when hydrolysis with dilute hydroehLorie acid gave
2y4=0,0=dimethy7l=Deoribose as established by comparison with an
authentic sample, Thus since C=? 2nd C=4 hydroxyle wore freoe for
methylation and the C-3 hydroxyl must have bien bound in glycosidiec
linkage and the C=% in the pyranosze ring in neahioaamin0195.

Neamine, the fragment common to both neomycins D and C, which is
released on methanolysis, was early found to give Beso=1,3~diamince
4,5,6~trihydrozy cyclohexans in 83% yield on hydrolysie with hydrobromic

acid, The evidenée for this stractare tcrmed 2-deoxystreptamin9191
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(because of its relationship with streptumine) (g.v.) has already
been cited {page 29), These workers expocied an all frans stereo—
chemistry on biogenetic groundslai. Rinehart and his aoaociatc9198
gave further evidence towards the probability of this assumption by
comparison of the behaviour of cis= and Sransw<benzamidocyclohexancl
with the N, N'~dibensoyl derivatives of 2-deorystreptamine and
streptamine, The trans isocmcr and the two sireptamine derivatives
fail to undergo N——-) O beonzoyl migratiorn whilst the cis isomer does.
Streptamine has on synthotic evidence becn assigned the trans configur-
ation'??,  Lemieux and Cushley197 confirmed this $rans stereochemistry
by a study of the nucleear megnetic resonance spectra of 2=deoxystrepta-
mine (XXXIV) and ite S=0-methyl-1, 3-di=-Nemethyl~4, 6~di-Q-acetyldi-
hydrogen perchlorate derivative (XXLV) The speciruun of deoxysireptas
mine in deuterium oxide required the two omino groups %o be equatorially
orienﬁatedo ‘The apectrum provides no information about the configuratio
at other centres because the small chemical shift between signals for
4-, 5=, and 6-~ hydrogens give a bunched peak. Substitution of the
hydroxyl hydrogens at those positions by &~ and 6-O-acetyl and
F=0~mothyl achicved a substantial chemical shift between the signals for

these melghbouring hydrogens. 'he spectrun indicated that the 4~ and €6-

hydrogens were axial and coupled with two nelghbouring hydrogens.

o ol
A ohe NHME
A
e
N 0;6 H
OQ&
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Hydrolysis of d,N*,N'°,H!' tctra~acetyl ncamine fer 10 hours
followed by oellulose column chrematography gave a number o: fractions,
one of which was neosamine C (2,6-diam1no—2,G-didooxy-C(-pbgluoose)(XXXIJ
as already doscribsd, 2 second Z2=deoxysireptamine, some unchanged
starting product alse coming through. Conclusive esvidenco for the
identity of the hydrolysate as neocsamine C was provided by f<acetyl-
ation of the product to W N'=~diacetyl noosamine C which was identical

with an authentic sample 198,

HHp Hzllﬂz
HO n .
M HO,N'',H'"" Tetra 10 houre s mO\P? /om
6NHC) HO
scetyl neamine
(xx.¥1) (XXXII)

Periodate oxidation studies on H,¥',H°' 0" ‘wtetra—acetyl and
toetra~benzoyl-ncamine established a C=drather than a C~H glycosidic
linkage in deoxystreptamine and & pyranose structure for neosamine C
in neamine, olecular rotation observations indicated an of
-glycosidic linkage allowing structurs (XXXZVL) to be written for

neam1n0198.

HoBHp




7.

The remaining features of the chemistry of the neomycins, only
recontly eluclidated were the position of attachment of neosamine C
to ribose, the storeochemistry of the neosamineP =Deribose bond and
the position, ring form and stereochemistry of the linkage of ribose
to neamine,

Hgamina is attached through the C<5 hydroxyl of the deoxystrept-

200 ' an evidenced by the isolation

amine moiety to neobiosamine B and C
of mono-O-methyl deoxystreptamine {XXXVII) from the hydrolysate of
poly-=0O-methylhexa-N~acetylneomyoins B and C, This same hydrolysate
gave a 2,5di-O-methyl-D-riboso (XAXXVIII) fragment separated on a

cellulose column, thus contirming that neosamine of neobiosamine

B or C i attached glycosidically to C=3 of D-ridbofuranose in

20}

neoanyocins“ ~, whereas in the degraded moleculss of the neocbiosamines

KaOHac H
K ﬁ
O Ome

(XXXVII) (XXXVIII)
202

it assumes the pyranocse form195.

Nuclear magnetic resonance stady of hexa-fi~acetyl neomycins
B and C allowed the assignment of § ~ribofuranose linkage between

ribose and neamine from comparison with knownq = and ﬁ -ribofurancses,
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Horeover this study slso allowad thes assignment of an o linkags
between nesosaming Be~D=pribose in neobiosamine B, and also con.irmed
the o -linkages previously assigned by rotation to neosamine C in
neamine and neobiosaminae C. From these data the grosz siructurs of

neomycins B aad C &?Q{H?a written (XXX1X)a and B respsotively,
Iob
272

a}/ ¢ {xna3)

e
( AXALX)

The fimal uncertainty in the stereochemistry of neomycin C, the
absolute configuration of the unsymmetricelly substituded 2-deoxy-
styeptamine portion bhas been resolved by kuclear aagnetic resonsice
etudies as rsportedlikb)Simltaneous studies by Rinshartzo"‘md his
oulicegues confirmed this sonelusion dy optical rotation results.
The mothod of Reeve52°4eas adopted where the change in optical

rotation A [H]cuprs B was messured when cuprammeniuvm hydroxide

solution (Cupra B) is substituted for water.
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SpM’=Diacetyl-6=mothyldeoxystrepianine (XL} gives a high
positive incremsnt similer to that observed with methyle2-0emathyle
P =D=glucoside (XKLL} but opposite in sign to Shat of the 4eQmmathyl
f «D=glucosido (XLIX). Thua the adjecsnt hydroxyl groups in
é=0omethyl-2-deoxystroptamine arc related as thoze at C=3 and C=4
of the gluccpyranese ting and the conformation may be writtea (XLIII),
I¢ follows that the final stersochemistry of necmycin C may ba

eritten (XLiVa). The configuration of naoxmyein B still awaits

£finzal proof of the idoso configuration for neoszmine B,

(a) B = Heodiosaming G

(L) R = Hoobiosemine B

(x1.2¥)

Seomyecins LP) and LP2 are minor constituents of the complex
found to be monoacetylated. Their relationship to neomycins B and 'C
was ostubliehod2°5 by acetylation and coaparjison with hexa—B-acetyle-
na:omynins B snd C. Penta-li—acetyl-neonycin LPl baeing identical with
hexa~acetyl-noomycin C and ponta=ii~acetyl—neomyocln LF; identical

with hexa~acetyl-noonyoin B. Acid hydrolysis of neomycin LP> gave
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neamine, Z-deoxysirentamine, Le-ridose and necosamine B, An additional
product of mild hydrolysis being mono=H~acetyl-noamine. The position
of the E~-scetyl group on the amino group of 2-deoxystreptamine

ed jacent to the glycosidic linkage Joining neosamine € to
2~deoxystreptamine was established by H-methvlation and periodate
oxidation studiss. Struotures ( XLVs) and ( XLVo} may be assigned
0 neomycins LPl end LPp respsctively on the basis of this

dogradatica.

Esromomycing
These entibiocdtics wore obitained from the culture filtrates of
Serimosus end have very similsr structures to nsomgein 3. Haskel)l
and ais colloagueszcsshowed the presers2 of peremamive {XLY1)

which is similar to neamine differing only in the replacement of ths

6~amino group in ne

I :, VAt

¢gsapine C by a droxyl .
e q”,) hydroxy

i

(ALV1)
The Deglucosamine portion was isolated as the hydrocahloride
by hydrochloric aeld treatment and was identicall with an authontioc

sampls. Acid hydrolysis of paromomycin gaveo{- and p-momobi@zmine

also obtained as the methyl glyocoeideds Dilute acid hydrolysis of the
wothylparomobiosaminide-lsll*~dibenzoyl derivative followed by oarbon

chromatography yielded D-ribosezOT. Steongar acid conditions in the
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treatment o the base resulted in the broakdown of thas pentose but a

207

diaminohexose paromose was obtained y wWhich gave the identical crystalle

ine NoN'-diacetyl derivative in comparison with neosamine 8209.

Haskell showed that paromose is 2,6~diamino~2,6-dideoxy-l-idose and

acsigned a gross structure (XLV¥1IA) for paromomycin 1208’177

EinehartQOI, has suggested a possible stsrsochemical struocture {ZL1V)
based on the evidence of nearly superimposable J.M.R. spectra of neomycin

B and paromcmyoin (1)202

differing only in the obvious lack in paromomycin
of the 6~amino group of neocsamine C in paromamine. Rinegggbzog also
mentions that a paromomycin (11) (XLV1ld) has deen isolated from
commercial samples of parcomomycin differing only in the paromosc molety.

Paromomyecin (1) has paromose identical with neosamine B whereas

paromomycin (11) has paromose identical with neosamins C,

T gluoogenmine
Parvmazing
or
Pacudoneamine
2~deoxysiraptaxire

oz
(X&VII) a. R @ HyR® = CHpNHp
b, R = CHplity, B* = H
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Hydroxymyein introdused in France dwiang 1958 was obtained from

176,210

the cultures of Streptomnycos sporogenea Hydrolysis or

methanolysis gave a neamine like moisiy which degradative studies
indlcated was composed of D=glucosamine and Z2-deoxystreptamine,

it was termed psoudoneamine and is identical with paromamine (XLVI)

Zygomycin.

The sygomycin A complex obtalned from Streptomyces rulverageous

in Japan(1960) has been found to rceemble paromomyein. The scheme of

investigation is shown in Figure 111179’211’212.

Zygomycing Al and “2’

HBeOH / EC1
v
612525075!3501 Bethyl zygobiosaminide
2 2 1l apd 11.
Pessudoneamine
: N-acatyl 6F HC1
e Deglucosamine Deoxystrepitamine 441. HC1
D-ribose Diaminohsxose

b
-

{neosemina B)

R

Disminohexosa
4

Figure (111.) (recsgmize C)
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Psoudonoanine one of the products of hydrolysie was found by

f degradation to give D=glucocaming and Zedeoxystreptamine and was
identicel with the like derivative of hydroxymyein and paromomycin.
Dogradation of the second hydrolysis product methylzygoblosaminide
(1)and@(21)by further zcid hydrolysis, after column chromatography
gave D-ribose and two differsent diaminchexoses nemed(l)and(ll)
rogpectively. Diaminchexose(l)proved identical on comparison with
peosamine B (meliing poirnt, infrared spectrum, X-ray diffraction and

179,

Disminohexoae{ll)ssparated By theses sams methods

192

chromatograns
wea proven identicel wilh neosamine C and the synthetic sample
slresdy described (p.32 ), the muclear magnetic resonance specira
being supsrimposable confirmed this finding.

The gross etructures of sygomyeins A1 and 42 were assigned by
Hori1217o ninehartzoghas puggested tentatively that from the
gimilaritises of paromomyecin 1 end 11 and eygomyecins AI and A2 thoy
may be identieal with (XLVlla) =&nd (XLV1lb). Horii has recently
confirmed this finding by methylation stud195213°
Tho Japancse maks an interesting commant on the lack of toxicity oF

sygomycin comparsd to neomycin B attributing this to the lack of &
179

6-2mino group in pssudoncamine

Bogontly 2 comparison of various members of the naomycin complex

by Schillings and Sc::lza.:t’:':‘n«m:21z3

» inoluding purification by ecolumm
chromatography N-acetylation, papergran and infrared studies showed

that various memders of the group obtained from different sources
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wers ldenticsl. These were hydroxymycin, paromonyein and aminosidin.
Horii in a8 similar exanmination of members of this group ineluding
sygomyoins Al and ‘2 found these antibiotics almost identical,

differing only in the ratio of the ¢two isomeric componont5215
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BICGENESIS OF NEOMYCINS.

Although much work remains to be done in this field of atudy,

Sobok216

showed that 140 - glucopne added to growing culture was reacdily
incorporated into neomycin. Rinehart and his oolleaguealgd’, noting
the simllarity in stereochemistiry, of neossmines B and C, and
2-deoxystrapitanine moieties suggeat the follewing blogenetic peithway

which would be amenable to tracer studies Fig. 1V.

Gluocose=b-P % 2 FructosspwbleP fm————— Glueosa2mine=6-F
X 1l e
f
S 10+
=N
B
[
HOCH |

rOM
MO
"

phiy bty

HOK / HOR.
i reosarmiee B
)&neosqmnac
Figure 1V.

Recent ovidence of this naturs suppomtés this schems.
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[I -—14(_:] «=D=Glacoss and E wlAC]—D-GIucaae are good precursora Lo
neosamines B gnd € and deoxyeixreptamine , Ridose of reasonadble sotivity
was algo obtained. E = 140 ~De@lucosamine is a much better
precursor for the neosamines and 2-daoxystreptamine bu$ mush worso
for riboss. The fact that different levals of activity were given
with neocamine } and C, the latter with a leval equivalent to the
deoxystreptamine level suggests that the fragments are formedseparately

196

before junotion °
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Kansmycin.

This antibiotic, which is oclosely related to neoxycin, was

114

introduced by Umezawa and his colleagues (1957-8) The structurs

of kanamycin was quickly determined by these workervs and by an

American team who have given & conciuve review of this workZITa

”
sunmarised in Figure V.
Kanamycin is best obtained from tue culture filtrites of

Streptomyces kanamyceticus as the crystalline watar-soluble sulphate.

The frce base was formulated as 018“36“4011 from aanalysis of the
gracetyl~, per acetyl- and various Schiff base derivatives. The
1resence of four primary amino groups was indicated by Van Slyke
nitrogen detsrminations, and formation of the tetra-i-acetyl deiilgiise‘
The base gave positive Holiscéh,ninhydrin, and Dlson-dorgan tests,
being negative to reducing sugars and Sakaguchi tests.

Hydrolysis with boiling 4 M hydrochloric acid, followed by
papergran study shoved three ninhydrin positive spots; the two
fastor moving spote also gave reducing sugar tests. Evaporation of
the hydrolysate to small volure snd addition of ethanol yielded
2-deoxystrertamine dihydrochloride. }hie was characterised as the
free base and its pentaacetyl- a2nd H=acetyl-derivatives. The
dihydrobromide was 3dentical with the corresponding salt of
1,3~diamino=4,5,6-trihydroxy cyclohexane (XXV1l) isolated from

neomycinzls’elg.
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220
Chromatography of the ethanol filtrate on callulose powder or
an Dowex=50 cation exchange reainzzl, separated the remaining two amino-

sugar degradation products. The slower running subistances obtained

ae the hydrochloride, CgH, . os.ncl,Eng-+23°, was characterised as
the H-aceiyl-and pentaacetyl-derivative. HNuclear magnetic resonance
spectrum studies of this latter derivative indicated a straight cuain
aldose with diaxial arrengement for the C~1 and Ce2 hydrogens. Ahbsence
of axial acetyl groups from the signal suggested a D-gluco..oconfiguration
this was confirmed by nitrous acid deamination of the tetrald -acety)-
derivative which yielded D-glucose. This information suggested that
this fragment must be 6~amino~6-deoxy-D-glucose (6-glucosamine, XLV11il),
a conolusion verified by comparison with an authentic synthetic =anmple,
which ocaused no melting point depression and had an identical infrared

221 CH2NH?
spectrum o

op HoE (XLV111)

HO (XL¥111)

H
The third fragment from the acid hydrolysis of kanamyoin, the
fastest moving on papergrams was isolated in the form of the hydrochlorid
and as the H-noetate. Full acetylation gave & penta-acetate
charactericed as a moncaminohexose C6H13u 02?2’220, termed kanosamina.
HB~-Acetylkanosamine treated with dilute periodate consumed 1 mole

rapidly, forming 1 mole of formic acid, thus estadblishing an aldohexoes

etruciture . Excess noutral psriocdate gave 2.8 moles of formic acid
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with 0.T mole formeldehydc after consumption of 6.2 molaes periodate.
Thess values are very similar to those obtained in parallel experiments
with 2-gcotamido=Z=deoxy-=Dwglucose, ostablishing the presence in
kanogamine of only one terminal primary hydroxyl. Kanosamine is thus
s straight chain aldohexnsamineeaoo

HeAgetylkanamyoin oxidised with weak periodate (pH 2.5) utilised
2 moles of periodate forming one mole of formic aoid, no formaldehyde
or ammonia being produced. Hydrolyeis of the oxidation mixturs
studied on papesrgrems showed the presence of 2-deoxystreptamine and
kanosamine, but S-sminoe-6-deoxy-D-glucose was destroyed. Periodate
survival indicatad the precence of 3I~amino=3i-deocxyglucose linked
glycosidioalli t0 Z2=daoxystreptamine.

Nitrous acid deaminstion of erude O~acetylated kanosamine followed
by re-acetylation yielded & =D-glucose pentazcetate whioh couild have
bsen derived from 3-amino~3i-desoxyglucose or 3-amino=-3-deoxyallose,

The gluooée configuration was confirmed in kanosamine by comparison

of the methyl glycoside tetra~acetate (XL1Xb) with an authentio
synthetic spaqimenlls when the infrared spectra were identical and

the mixed melting point ocaused no depressiorn. Kanosamine {XL1Xa)

hes now been eynthesised by the cyanohydrin223and nitromethan0224mothodse
Comparison of natural and synthetic Heacetyl derivatives (XLlXc)

(mixed melting point, X-ray diffraction, B _values, and mutarotation)

confirmed thelir identity,



950.

(XL1Xa): { XL1Xb) " {XL1Xec)

Kanamycin base subjected to mild scid hydrolysis followed by
papergram analysis gavo aix spote, four of which wers accounted for
by unchanged kanamyoin and the three fragments described above. The
remaining two spots having Rp intermediate betwesn kanamyein and
aneoxystreptaminq wera eluted soparately on ceiiunlos¢ powder and
further hydrolysedzzza The fastor moving 2«detxystreptamine-kanosamide’
BoPie 240-20.225, gave, on hydrolysim, Z2-deoxystreptzmine and kanosamine,
whilst the slower moving ( C{=D=6-zminc~G-deoxyglucopyranoeyl)-
deuxyatreptamine226 yielded 2-deoxystreptamine and 6-glucopamine results

which suggested thal Poth hexosaminmen &re glycosidically linked to

2—deox:;streptamine?22° This latter fragment is a mild bacteriontat

in vitrgzg6.

Kansgyein base in aeidic periodate solution {pH 4.5) rapidly
consumed 6 meclen of poriodate. Paper chromatography of this reaction

mixture indicated dsoxystreptamine buit no 6-glucosanmine, The survival

of 2-dooxystreptamine under these conditions suggesig sudbstitution at
positions 4 and 6 of this uoietyzas. Marther support for this
conclusion was gained by exhaustive methylation of B-acetylkanamyein
followed by asid hydrolyszis when l,3-diamince=4,6-dihydroxy=5-

methoxycyclohoxanae (Lf227was releassed indicating that positions 4 and &
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were not free for methylation.
JHo

¥eO
U

HO (L)
Also released in the methylation hydrolysate recovered by cellalose

column chromatography are 3}-acetamido-3~deoxy=~2,4,6,-tri=O-methyl=D=
glucose and 6-amino—6-doozy-?,3,4—triqg-mechyl-D—glucoaozaa,
dndicating C-1 glycosides.

The glycosidic links between zaminohexoses and 2«deoxystreptamiae
are believed to be because of the presence in the infrared spectru
of kanamycin base of bands at 838 cm.”} and 823 em?! asasigned to

115

A =glycosidic bonds in comparison with infra-ed studies These

data allow a gross structarzl formala (LI) to be writtcn for kanamyecin.

H?ﬂ an

c eﬂﬂg OH

HO
OH

(L1)
The final uncertainty in the stereochemistiry of kz2namyecin, the
abzolute configaration of the unsymmetrically sibstituted 2-deoxystrept-

anine portions of the antibiofic was resolved as detailed under

203

neomycin (p. 3t) by nuclear magnesioc resonance197and rotation studies

Rinchart and Hichens give (LII) as the structure.
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. s
e’(’, \4‘:/ \SK ii = 6-Glucosamine

‘

R OH i« R' = 3~Glucosumlne
(LI1)

K&nam;!_gé.n B,

Paper.ohromatography of early kanamyoin preparations revealed

the presence of a second antibiotic, termed kanamycin 3, separated
from the main product by means of wateresaturated n-butanol containing
2% toluene sulphonic acid. The infrared spectra were similar229o
Isolgtion was first achiev:d by countercurrent distribution of the
salioylidene derivaitive of the orude antiblotic and chromutography

on weakly basic Amberlite resin. Later workers separated the mixture
by chromatography on Dowex-1 basic resin crystallising kanamycin B

230

from dimeth,/ lfcrmamide. The base C,_H_.8,0 s welting point

1073274710

above 170o {decomp. ) [¢{]D 4'1140 230, e 135228, was water~soluble

and gave positive Molisch, Blson~Morgan, and ninbhydrin colour teste bu%
negntive reducing sugar and Sakaguohi. A polyacetylated derivative
has been prepared and from this w-acetyl kanamyoin B wae obtained by
- o o

de-0 ~acetylation (LOQD “+ 150 m.pe. 220-225 (decomp- ). The latter
on hydrelysis, gave kencsamine, deoxystreptamine and an unidentified
ninhydrin nositive spot but no 6-glucoaamin9228. This sapot is now
known to be a diaminohexose203b. The Japanese23oreport that kanamycin

B is less active agiinst most org.nisms than <anamyein A but more

active agzinst Hdycobucteria.




Keaanyedn Co

Partial hydrolysis studies by Japanesse workers on the racently

;isolated antibiotics by paper chrom&tography and ion exchange resin

231have shown it to contain psesudoneamins (parcomamine)

203b,231

treatmant
. 4=( 2=-sminc=2-dooxy~DP=glucosyl -2~deoxystreptanine p itself an
.antiblotically active fragmantz32. Thus in kanamyein C,6~gluccsanine
is replaced by 2-glucosanins. The antibiotic ie less active than

kananyocin A on Hycobacteria.

Deoxylkenanycin.

Deoxykenamyoin bas been prepsred receatly by partial synthssin
from kanamyecin A23}e The amine groups were firet protested by forming
the carbobenzoxy derivative after which tréstmont with toluans =p=
sulphonyl chloride salestively tosylated the C=€ primary hydroxyl
of kRanosamine. Refluxiag with sodium lodlde gave the Aodo
compound which reduced over Annsy-nickel %o give the deoxykanosaming.
Kydrogenaticn with palladiun-charcoal in acetic acid gave the tetra-
H-acutyl deoxykanamycinm. The frse base is also regortedB(Llll).

It is reported equipotent with kamamycin A except with Hycobacteria.

CHzﬁﬂa "

(L11)
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Tae Chemistry of the Streptomycin Gwoup.

Fellowing the discovery of the seiivity of streptomycin agrinst

variacus organisms, including Mdycobacterium tuberculosis by Waksman

end his associates in 194455, a number of laboratories were involved
in detailed chemical investigation of the antibiotic sulminating in
the designation of streptemsecin as structure (Lllla). This work

234452354236

has beer reviewed extensively alsewhere and is beziefly
cited hers.,

Streptonyoin is provided commersially almost exclusively s¢ the
sulphate of the triacidiz base (021339012H7)23H2504. Otbher salts

which were of importance sre the trihydrochloride and ths orystalline

czloium ehloride double sald 2(C,.. H, O N .3H01)03012° Crystalline

217391277
selts such =28 ths reineckate and halianthate were used by early
workers, for oharaotarisationz37’238’239.

The Daso EK;L) ~ 78° is soluble in water but imsolubls in almosi
all organic amclvents. Tha sulphate in contrast to the hydrochloride,
is insoludbles in methanol, both asaslts being water solublae. The dry
powder hydroohloride is stable for sixz hours at 110° in vacuo and
relatively stadbls betwesn pH 2 to 9 at 250 °

Streptonyein(Vi)is composed of three moncsaccharide fragnents
stroptidine (a), streptose (b) and H-methyl-L=glucossmine {c) joinaed
together by glycosidic bonds. Streptidine i=s e digunnido-inesitol.
stroptoss a unique branched chain sugar with two aldahyde groups, and
E-nethyl-l~glucosamine ie a 2-aminohexose. The disaccharids formsd

by etreptose and E-methyl-i~glucosamine was %termed streptobiosamine.
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Qualitative tests for active groups within the molecule gave

ovidence of reactive carbony1241’242'243, C-nmothyl (Kuhn—ﬂoth)244-‘45,

246, gfmethylamin0241’244

81‘0“'93247 .

and a positive Sakaguchi test for guanidine

Hild acid hydrolysies or methanolysis ia suffioient to cleave
the streptidine - sireptobliosamine glycosidic linkage, the action with
H-sulphuric acid giving orystalline streptidine sulphate in good ygééd;
this moiety was identified as 063180436by analyais of salts inclpding
the piOrat9249, which slsoconiirmed the presence of two basic groups,
Guanidino groups were deteoted by a positive Bakaguch1248’249test,
and by titration with agqueous permanganate, when twvo mole of guanidine
per mole were released. Fhae 21) six nitvogens wore accounted for in
two basis guanidine groups. Acstylation of etreptidine gave an

ootaacetyl derivative, four of the acetyl groups baing attached to

nitrogen and four %o oxygen atoms. A carboeyclic structurs
with four hydroxyl and Two guanidino groups was thereforse auepeoted950°

The main degradstive work on streptidine followed alkaline
'hydrolyeis and pyrolysis by Folkers and his co—workerszsﬂ° Nild

trestment with barium hydroxide resleased two molcsof ammonia and gave

atrepturea 08316u405(LV). More vigorous alkaline treatment releassed
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2 further 2 moles of ammonia and 2 moles of carboa dioxide to give
a base 06K14N204 streptaminse (LV1l) 4in which the guanidino groups wers
degraded to primary amino.

Thermal trentment of hexa-acetylstreptamine (LV1l) gave high
yields of 2,4=diacetamidophenol (LV1ll) and S-acetamido-2-methyl-
benzoxagol? (L1X), thus indicating that the amino group were in the
1, 3~-position,

Streptaminé is optically inactive and therefore must be a meso

form. The brilliant synthesis of streptamine251 252

and streptidine
from D.glucosamine by Wolfrom and his colleagues proved that they

wore indeed 1,3-diamino inositol derivatives. The known configuration
of D-glucosamine established C-3, C-4 and C-5 as all trans and C-l

and C=6 were deduced as being_zggggaslb. This deduction verified by
oxidative degradation of O-tetramethylstreptamine (LX) to
DyL-dimethoxysuccinio (LX1) acid, identified as ito diamid0253’254
showing that the C=% hydroxyl was oriontated trans with respect to the
C~4 and C~6 hydroxyl. This left the configuratiom at C-2 to be
established. This was proven unequivocally by preparation of
Dyi~myo-inosamine hexa-acctate (LX11l) in which the C-2 configuration

is known, an identical compound being obtained from tke moacqusootyl
streptamine (LX111) by deamination254with nitrous acide Thus the

all trane configuration of streptamine was rigorously estahlished and

streptidine is shown to be 1,3-diguanidino-scyllo=-inositol (L1V).
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Streptobiouamine was firat isolated as the isomeric methyl glycosides

obtained on methanoclysis of streptomycin, and removal of streptidine

41,244

2
by selective preoipitation. The carbonyl absorption was also

~extinguished by thie action and as analysis showed the presence of

three methyoxyl groups a dimethyl acetal was suspected.

H H Oide
/c_.._o /c\one
244

The analytical figures are consistent with the eqaation °

c,,H, N0 ,.30C1 <4 3CH

21739° 7 12 OH —— CgH, o 0,.28C1 +C, H,,80,(0CH, ) HC1.K,0

3 1322

and the fragment was designated m:thyl streptobiocsaminide dimethyl acetal
hydrochloride241(LX1V).

The hydrogenation of streptomycin with a platinum catalyst256’257’25t

246

or. Raney nicksl yielded the biologisally active dihydro-derivative

(L111b) in which carbonyl reactions were absent. Dihydrostreptomycin

also forms isomeric methyl g1y eoeidens Y- 44

s Only one methoxyl group
being present (LX1Vb). These reactions confirm the hemiacetal
structure of the streptomycin derivatives.

Glycosides from both were amorphous mixtures of o{~ and 8 -,
izomers best characterised by formation of acetyl derivativese44.

Streptomycin gave methyl tetra-acetylstrepiopicsaminide dimethyl acetal
with three ﬁkacetyl groups and one N-acotyl group whilst dihydrostrepte-
mycin gave penta-acetyl-methyl dihydrostrcptobiosaminides with four

‘Q—acetyl and one Heacctyl group on ditferential acetyl determination.
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The o and ﬂ anomers of penta=acctyl dihydro streoptcbiosaminide are
separable by crystalligation, Refluxing with concentrated aqueous

alkall gave methylamine indicative of the presence of a methylamino

nﬂupa 44.

Mercaptolysis, the analogocus reaction to methanolysis utilising
ethyl mercapton and dry hydrogsn chloride resulted in the formation
of ‘athylthiostreptobiosaminide dithioacetal hydrochloride (LXVa) and
ethylthiodihydrostreptobiosaminide hydrochloride (LXVb) from
streptomycin or methylstreptobiosaminide dimethyl.aeetal and dibydro-
streptomycin or methyldihydrostreptobiosaminide respectively. In

these derivatives the methoxyl groups =re replaced by ethylmercapto

groupazds’zsg.

Hydrolysis of methylstreptobiosaminide dimethyl acetal with

concentrated hydrochloriec acid followed by acetylation yielded the

245,260

pentaacetyl derivative, of a hexosamine (LXVi®). “This was

identified as B—metbyl=L-glucosamine {(LXVla) by formation of a phenyl-
osasone and a phenylosatriazole identical with those of L-glucose,
by oxidetion to a product with the same properties but an egual and

4
opposite rotation to B-methyl-D-glucosaminec acid and finally by

260,261

synthesis This synthesis aommeneed From L-arabinose, methyl-

amine and hydrogen cyanide forming the nitrile which gave on

lagtonisatici and redustion H-methyl-L—glucosamine. The cerystalline

pentaacetyl Herivatives of synthetic and natural specimens were

1dant103126°. Kuhn and Bister have improved the yisldzs in thisas

aynthosiazsz.
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The configuration about C=2 was established by methylation of
D-glucosamine to give N~methyl-D-glucosamine and its penta~acetyl
derivative. These compounds were identioal but with an oqual and
opposite rotation and thus C=2 hag the configuration for L-glucoaamigg

The pyranosc ring form of the glucosamine molety was confirmed
by methylation of N-acetyldihydrostreptomycin followed by hydrolysis
using 2,54 hydrochloric acid. The product after zcetylation and
chromatography yielded the orystalline diacetats of a tri~O=methyl-
Nemethyl=~oi-l~glucosamine which on further hydrolyeis with 2.5 N
hydrochloric acid gave the parent tri=O-methyl-N-methylel-glucosamine
hydrochloride (LXVII)., Periodate oxidation of this product (one male)
followed by bromine water oxidation led to the known 2,3,5tri=0O-
methyl=Le=arabinolactone (LXVIII) which gave a crystalline amide (LXIX)
identical with an authentic eump10263.

The rigorous conditions necessary to achieve scissiun of the
glucosaminide bond present in streptobiosamine resulted in the
destruction of the streptose molety. This represented a major problam
in structural inventigations . However the structure of this
fragnept has been adduced by a study of degradation products.

Alkaline hydrolysis of streptomycin yielded a substance charact-—
erised as maltol (LXX) 161-162° 24, Dihydrostreptomyoin failed to

give this product or any of its derivatives.

U:ii]I:oa
CHy

(LxX)
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The key product in the elucidstion of the structure of the central
streptose moiety wae the ethyl tetra-acetyl-diethylmercaptal (LXVe),
obtained2599246 above. Two series of degradations involving thins
compound led to isoclation of derivatives of strepiose and the proposal
of structure (LXXXIV) scheme orP

The first route involved hydrogenolysis of the mercaptal over
a Ransy oatalyat $0 give tetra—acetylbisdooxyatroptobiosam1n02§9’265’266
(LXXIa). This compounéd exhidited a non-acstylatable hydroxyl group
present, presumed tertiary, and observed on infrared analysis and
yielding ons mole of methane per mole on Zerewitinoff determination.
De~-O=-acetylation, gave E—aoatylbisdeoxyatroptobaoaaMne(KVIIb) which
on Kuhn-Roth eﬁtinstton showed the presence of three C-methyl groups,
one accounted for by H-acetyl, one present in the parent streptobiosaminc
and one formed in hydrogenationzés.

Hydrolysia of tetra~acetylbisdeoxystreptobiosamine with 5% H2SO4
gave N-methyl-L-glucosamine and a new compound bisdecoxystreptose
CgHy203 in which Kuhn=Roth estimation showed two terminal methyl groupe
no ocarbonyl group being present. Tho formation of a big-p-nitrobenzoate
indicated the prevence of $wo hydroxyl groups. Poriodate oxidation
resulted in the uptske of one mole proviang that the two hydroxyls

were adjacent, and examination of periodate ozxidation products

enabled the choice t0 be made betwaecn two possible astructures

(LXXI1I and LXXXT) 260;
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’ 1, |H2
E=-C=0H H_ ~C=0H
CH &-OH : cB.B fG—OH
L =
. M
033 ,ZHB
(Lxx11) {LXxXx111)

Oxidetion of (LXX1l) followed by hydrolysis would give on
reaction with hydrazine osaszones of biacetyl (LXX1V), whereas (LXX11}'
would form osazones of pymvsldehyde. The biacetiyl osazones were

obteined, @tructuro (LXX1l) is theretore preferred té (LXX111) for

bledeozgstreptoae. Paricdate degradation in shown below.

%
5 . CHO HO cay tn::nauan
ol y-p= HO  CH,OH CHOH R NE.¥H, H==N-NHR
H ¢ O >
\
Ci | CH ¥y
3 3
C==H-HHR
(LXx11) C =t
cH,
(LXx1V)

It can be seen that in bisdeoxystreptose, the methyl group
adjacont to the tertiary hydroxyl must have been formed in the
hydrogenolysis. Proof of this poift and therefore the position of
the aldahyde group was obtained by study of dihydrodecxystreptose.

Penta-acetyldihydrodeoxystreptobiosamine formed by mercaptolysis

of dihydrostreptomycin, hydrogenolysis of the resulting thioglycosides
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and subsequent aoetylation244, yielded dihydrodeoxystreptose (LXXV)
on hydrolysis with 5% sulphuric acid. Periodate oxidation of this

fragment gave formaldehyde consistent with structure (u:xu335.

! CH2
e
THOﬁZCuQ-OH

I
C=8g
{

053

(Lxxv)
The second route of degradation of ethyl tetra—acetyl=thicstrept-

obiosaminide diethyl mercaptal, vis. demercaptalation with aqueous
merocuric chloride in presence of carbonate buffer, yielded tetra-

267. This derivative was

acetyl-stroptobiosamine (LXXV1)239s
oxidised with bromine water and then acetylated to give penta—-acetyl-
biosamine acid monolaotone (LXXVII), the free aldehyde having been
| oxxdtsgd to a carboxyl group. Hydrolysis of this compound with 2,5 N
| hydroohloric acid followed by acetylation gave penta~acetyl=li-methyl-~
| L=glucosamine (LXVIb) and the orystalline diacetyl derivative of a
substance designated streptosonic acid monolactone (LXXVIII), ‘he
nature of streptosonic acid momolactone was revealed by titration, and
also by infrared studies in which =COOH and lactone absorption were
prosent, A digmide of this product was prepared with ammonia showing
the dipa.ib nature of this fragment. Kuhn—-Roth estimation revealed
the presence of a C-methyl group, and periodate oxidation indicated

three adjacent hydroxyls, two of which were cig as shown by boric

aoid complex formafion. Two structures
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(LXX1X) and {LXXX) were poseible from this data ',

COMHE

2 f 2

H0 - C - H HO - C - H

HO - € ~ COuH, HO =« C = CH
CHOH " CHoH

CHS coanz
(LXX1X) {Lxxx)

The choice was again made by periodate oxidation.

>

Structure

(Lxxx) watcn wouia have yieided acwtiv wuid Wes rejectea siaos no

volatile z2cid was formed.

Periocdate oxidation of streptosonic acid momolactons gave

glyoxalio acid and orslic acid confirming etructure (LXKIX), the

uuggasted courss of reaction beinggs?
?UOH ?023
HIO . o=
4 CHO v’
(Lrxu) —— CHOH
Hzo
c
%

The stereochemistry of streptoso was sdduced from a number of

derivatives.

hydrazine to gi ‘e & crystalline phenylosasone (LIKX1)26

streptose is an IL-sugar C—4 having the L=configuratioeni

CH=:H a Hﬁﬂsa

>
¢ ==N.HHC
675 (LXXX1)
HO = E - H
B

3

HIO

—4,

?OOK
COOX

8

CHO

CH

Strepiobiosamine hydrochloride reactsd with phenyl-

Thue

3
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The aydroxyl groups om C=Z snd C=3 have the c¢is configuratlon as
bisdeoxystreptose glves a boric acid complex266.
Dihydrostreptosonic acid lactone rexcted with hydrazine o give

2‘
dihydrostreptosonic acid hydrazide {LXXX11) 095§QD+-23°and application
thea
of Budaagh rules indicated that/hydroxyl group at C~2 and (thus C=3)

lies to the right

COMH, l‘Ha

H~C - OH
HO CH,~ C - OH

HO - C ~ H

Sl

3
(LXXX11)

A confirmation of this point was achieved by Wolfrwm and De Wa1t270

who degraded H-aceiyltetrahydrostreptobiosamine (LXXX1ill) to I=~glyceric

acid. Thus streptose is 3~C—formyl-lL-lyxomethylose (LXXX1V).

_ s SO
HOH J: ~ OH
ca}cno ooaa-i_: - O
OH én Lok
(LXXX1V) &u
3

On the basis of this formula for streptose, Wolfrdm and his

co~workers have suggested a plausible mechanism for the alkaline

degradation of streptomycin to ma1t01234.
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Linkage of N-methyl-l-glucosamine to streptose was through C-1
as evidenced by negative Fehlings reaction of geacetylebisdeoxystrepto-
bioaaniue259 in which both astreptose aldshyde groups are rediced. Thus
C=1 of glucosamine is concermed in the glycosidic linkage.

The hydroxyl on C=2 of streptose must be linked to Hemethyl~
L-g1uo§anu1no as the C=3 hydroxyl is tertiary266., This presumption
wos confirmed by periodate oxidation of methyl li~acetyldihydrossrepto-
bicsaminide and methyl H-acetyl-({-L-streptobiosaminide dimethyl
acetal; the former consumed one mole of periodate more rapidly,
consistent with anQl-glycol, forming formaldehydeZ!l,

Proof of the linkage of streptidine to streptobiosamine through
C~1 of streptose was adduced from dihydrodeoxystreptose (LXXV) im

which periodate oxidation released formaldehyde29S, thus the aldehyde

"in dihydroetreptose is on C~l and forms the glycosidic linkage.

The point of linkage of streptoblosamine or its dibydro=-
derivative to streptidine has just been finally established. That
either the C=4 or C~6 hydroxyl both adjacent and trams to guenidino
groups is involved was proven by periodate oxidation of the N,l'-
dihonzoyloMeoxyetraptaminemz, The latter was obtained by
benzoylation of streptomycin, hydrolysis t$0 heptabengoylstreptidine
(LXXXV), forzation of tho mesyl derivative (LXXXVI) through thec icdo
derivative (LXXXVII), The oxidation results in the uptaoke of one mole

YA
and formation of ¢ , {-dibonzamtdo- ,B-hydroxyadipaldehyde (LXL).
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( LXXXV¥II
MHBg
B G
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0B, '\
CHO CHO B”%/1
BZ
(xc) (LXXXVIII)

%¥olfrom and his ..:o-'orkersz-n‘ utilising bengoylated derivutives
of strcptomycin, streptidine and methyldihydrostreaptobiosaminide for
optical rotation experiments suggest that the streptidine « etreptose
linkage 1-FL— and the hexomsamine = streptose linkage ia d'aL.

Thus the formula (Lllla) given for streptomycin and dihydrostrepto-
mycin was eluclidated.

The abpolute conflguration of streptidine in streptomycin wae
recently established by Dyer and ‘l'odd426. Streptobliosamine is
attached to C=4 of streptidine. (The ring numbering introduced by
Rinehart is follovod)2°3( see also page 38).

HiyN'=Dibenzoyl-4~deoxyetreptamine (LXXXIX) was
conve'rtad to the N,N°-diacetyl derivative (LXXXIXb) by acid hydrolysis,
acetylation and de-0O-acetylation. The optical rotation of this latter

compound was measured in water E(];‘r + % and cupremmonium B

0910" to give the [AjM capra B ~2400° caloculated by the method
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of Roovee2°4. This large negative value is similar to that eof
=2075° obtained for she 2,3~glycol complex of D-glucosides such as
methyl 4-O-mothyl-D-glucoside (XLII) rather than the positive value
of 2150° given by methyl 2~0-methyl~Dwglucoside (XLI) which forms the
3p4=glycol complex with cuprammonium B, This proves thnt‘g@§§diac3tylm
4=deoxystreptamine forms & 5,6-glycol cuprammonium complex with s
clockwise 60° angle and not a 4,5-glycol complex which would be formed
if streptobiosanine were attached to C=6 of atreptidine in streptomycin
whon, with the above reactions, & 6~deoxystreptamine dorivative would
be obtained. The sbsolute configuration of H,l'-diacetyl 4-deoxystrepi-
amine is thus (LXXXIXe) from which follows the sbeolute configuration

of streptomycin (except for the streptose ring) (LIIIB).

A Hang "

(LxinXO) (xLI1)
Oy
AckN
My
[ H -‘ﬂ

(LIIZe)

The assignumont e in agreement with tho work of Tatsuoka and
orsk 2T ynich was based on the fact that H.l'~diacetyle2,5,6etri=O-
=methylstreptamine (LXb) preparsd by deguanidation, exhaustive
methylation and hydrolysis of streptomycin has the same sign of
rotation as H,N'~diacetyle5,6-di-0~methyle2~deoxystreptamine (XLIIIb)
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derived from zygomycin (ses page 43). The oxidation of thim latier
derivative with nitric acid gave di-O-mothyl-Ds tarteric scid (LXI)

permitting the assignment of the R configuration to C=4,

"‘\%/4-% " foon

Me <SS HeC e« Og
s i g 3 MeO = C - B
(Lx®) ¢ XLIIID) _—

—~
3
|

Mannosidostreptomyoin (XCI). ‘This antibiotioc firet termed

streptomycin B was separated from culture concentrates by alumins
chromatography and counter-current distribution techniquosz14. It
was first crystallised as the reineckato. As it ig less active
biclogically than streptomycin (one fifth) it is not a desirable
contaminant and its presence constitutes s major problem in
streptomycin production.

liothanolysis of mannosidostreptomycin gave, after ncetylation
methyl tetraancetyl streptobiosaminide dimethylacetal hydrochloride,
and 0, methy) tetrascetyl-mannopyranoside (XCII)?76, identical with
authen;ic samples, Octascetylstreptidine was alsoc obtainod277. The
ana.logoan mercaptolysis gave stroptidine hepta~acetate, ,S -ethylthio-
tetrancetyl—-streptobiosaminide dithiocacetal and the isomeric thicethyl-
tetra~acetyl=mannosiden identical with synthetic aanp1032767277.

Dihydromannosidostreptomycin (XCIb) was prepared by castalytic
hydrogenation when maltol-~formation and carbonyl activity observed in
rannosidostreptonycin was extinguished, Kethanolysis of dibydro-

nannosidostreptomyein followed by acetylation gave o and ﬁ-methyl—




fex) 4

(cx1)

Degradation of Mannosidostrestomycin

(xci1l)
. 99 a = H
b. R = Ac
N~ Methyl-L-glucosumine
<+
D-Mannose

AcHNC - HN EHCNHAc
A & Ac
AcO\DAc
Ac
—
c
AcO\QAc
f :j \ (xc11)
(LX2aV)
c. = CH(Onle) 2

Re

{}

(xciv)

Streptidine

B-dethyl-f~
gluccsanmins
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totroe=acetyl=D-mannopyranosides (XCIX1). Hydrolysis of dihydromarnc-
sldostreptomycin with § sulphuric acid gave dihydromennosidostrepto=
biosamine (XCZIIa) which on acetylation gave a nonawacetyl derivative
(XCIIId). Differential acotyl detormination showed eight O-acetyl and
one E-acstyl present in this compound; hence the mannose i3 linked to =
bydroxyl group of streptobiosamine.

Acetolyslis of nona—-acetyldihydromannosidostreptobilosamine (XCIIij
gave a disaccharide composed of D-mannose and J-methyl-L~glucosamine
(XCIV) which were released on methanolysis thus proving that Demannosse i
attached to the glucosamine moiety in mannosidostreptomycin,

The linkage of D-mannose was shown by methylation to be at C=4 in
N-mothylelL~glucosanine when 3,6~di=-0-methylefi-methyl-lglusosesmine {LXVIZ
was isolated and identified as itse acetate-by comparison with the

synthetic D—onantionorph263.

That the trisaccharide is attached to position C=4 of the streptidir
as in streptomycin was shown by the preparation of heptabensoylatreptidir
identical with that from bengoylated streptomwcin278. ‘The streptomycin
portiqn of mannosidostreptomycin was shown to be identical by engymatic
cleavage of the mannose - streptomyc3n279 linkage,

HBydroxystreptomyoin (XCV). This antiblotic was obtained from the culéur

280
filtrates of Streptomyces griseocarneous and since it differs from

streptcmycin by one additional bydroxyl group, was named hydroxystredto-
RYGine

Catalytic hydrogenation gave a éibydroxyetreptomycin which after
nethanolysis and scetylation gave a disaccharide hexa-acetate and octe~

acetylstreptidine. Mhydrostreptomycin under these conditions gives the
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pentamecotate (Methyl penta-acetyldihydrostreptobiosaminide), Penta-
acotyl=Nemethyl=~L-glucosamine was obtained from hydroxystreptomycin
by strong acid hydrolysis and acetylation indicating that the extra
hydroxyl group is attached to the streptose moiotyzso. Alkaline
degradation provided further information on this point when a

pyrono was obtainedaZSl, (xcvI)

O O (G

(xcvI)
This pyrone waa converted by way of the chloro derivative to maltol
(LXX), the product of alkaline degradation of streptomycinZb2,
Hydroxyatreptonycin ie not aes active a; streptemycin but appears
to bs more stable %o aocid.

drodeoxystreptomyoin (XCVIX). This antibiotic is produced from

stroptomyocin by hydrogenat!.on with sodium amalgam oatalyst283. Brealk-

down by methanolysis and investigation of the products indicated that the

change had been wrought in the streptose moiety284.

330 OR R = streptidine

OR’ R’ g B-methylwl-glucosamine
(xcvi1) kg
A number of patents for similar hydrogenated derivatives have

been applied rorzas.
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BLUENSOXYCIN .
A new member of the streptomycin group bluenscomycin (lEVIIIa or b)) we

obtained from the culture filtratce of §treptomyces bluensis in

1962286. It was purified by carbon column chromatography, and
the hydrochloride, sulphate and p=toluenesulphate propared287.
The dihydroochloride 021339,41N5014 €ave a positive Sakaguchi
reaction indicative of guanidino groups.

dethanolysis of bluensomycin split the moleculs into two

partszaa which were separated by carbon ocolumn chromatography.

Elution with water gave a strong base designated blucneidine (XCIX)jg
subsequent elution with acetone gave a larger fragment, 014526083’
identical with methyldihydrostreptobiosaminide hydrochloride as

evidenced by formation of a penta-acetyl derivative, = Hydrolysis

with concentrated acid followed by acetylation gave N-mothyl-l~glucosamir:
penta~acetate, identical with authentic samploseag. Morcaptolysis
followed by acetylation gave ethyl thiodihydrostreptobiosaminide

and served to confirm the struoture of this fragment.

a:R g HEGUHp
)

RY = -CONH2

i (XCVIII) R! @ nﬂﬁuag
NH
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Bluensidinoe hydrochloride 08H16u406.ﬂc1, the second fragment of
methenolysis me.p. 190 - ].94»° [°<]D, + 0.5 to 1050 was shown to have a
positive Sakaguchi reactionAand hence & guanidino group. Infrared
analysis showed carbonyl absorbtion and hydroxyl or amino nitrogen bends,
Vigorous hydrolysis with barium hydroxide released 2 moles of carbon
dioxide #nd 3 moles of ammonia t6 yield a erystalline optically active
base, C6B13ﬂ05 {cp) This was shown to have one amino group
whose hexs~-acetyl and fi-acetyl derivatives were identioal by comparison
with the like derivatives of scyllc - inosamine. Acid hydrolysis of
bluensidine gave one mole each of carbon dioxldé and ammonia plus an
optically inactitze base, c7ﬂlsl305.501 (c),.which gave a positive
Sakaguchl renction. Strong alkaline treatment of this base again
resulted in seyllo = inoeamine {¢I) with release of one mols of carhon
dioxide and 2 moles of ammonia. It 48 thus identified as l-deoxy-
l-guanidino scyllo = 1noait01288. The degradation of bluensidine to
this base with olimination of one mole of carbon dioxide and ammonia
together with infrared carbonyl absorbtion suzgests the presence of a
primary ocarbamoyl group. The guanidino and carbonyl group could not

be preucnt as l;4=substituents since the compounds are optically active.

The choice batwoen a l,2- and a 1,3~ arrangement was detérmined by
periodate oxidation. Two moles of periodate were consumed for ths

release of ore mole of formic neid hence bluensidine is l-deoxy=l=
guanidino=~3=ii-carbamoyl-scyllo = inositol (XC1lX). The configuration

was similar to dihydrostreptomyecin on the basis of rotation evidenoezaan
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This antibiotioc, the first im which streptidine has been replaeced,

by a different, though biogenetically related base, is oross reaistant286

with and less active 29°thnn stroptomycin and kanamyoin.

Glebomycin isolated from a new Streptomyces species in Japanegl

appears from preliminary investigations to be identical with286

bluensomycine.



BIOSYNTHESIS OF STREFTOMYCIN,

This branch of investigution is of inoreasing inferest, though
sany of the biogenetic pathways are specculatives 1improved isotopio
tracer techniques aid the elucidation of these routes in Streptomyces

292

griseus, sclected atrains of which are streptomycin producer« wi high

Yioldo
Barly investigatoure im the search for optimal media for streptomy<in
production found empirically that the imclusion of certain nutrients

led to improved yields. ﬂookenhu11275

in an sxtensivo review [1960)
attempte to rationalisae thoeme results.

Clucoses kas always been the suger of choice ap a carbon sourece in
medie, thougn other selected monosaccharides such as galactose and
xyleose gllow growth293° The nproduation of etreptomyecin is less
efficient from polysaccharides such as starch and is depondant‘on the

organisms ability to hydrolyse the glycosidic linkages, Suorose ard

raffinose are thuo not utilised by Streptomyces grissus.

The nitrogen scurce is alss impertant. An early study of

94

2 .
Pulaney showsd that simple niirogen sources such as amine acids gavs

low streptomyecin production. Charpe avar teo oqmplex sgarcas brough-t
immediate improvemenis. Hockenhull sugpested two rensons for this
observation275° First the supply of ammonia nitrogen from a2 complex
medium is gradual and the rate of utilisation kept the pH betweon

7 and 8 the optimal for strepiomyscin fermentations. Sccondly the

supply of nitrogen was slow enough to limit proéein of new cell

formstion so that carbohydrate was routed intoc streptomyocin production

I




Té.
in mature colls.

Isotone Txperiments Final proof of the role of a nutrient as s

precursor in streptomycin formation is obtained only by incorporation
of the isctopically ilinelled substance into whole or part of the

antiblotic.

14c

Radio-active carbon dioxide, glucose, acetate and glycine

275,295,

have becn utilised ir tracger studies The carbon of the

streptidine guanidino groups may be derived from atmospheric carbon

dioxide, That erginine has a role in transference of guanidino or
14

ureoa groupsis &lso suspected from this study with c carbon

296
dioxide. o

47showed that 140 glucose waz uniformly

Hunter and Hockenhu112
distribhuted throughout the three fragmenis of the moleecuvle except in the
guanidine groups but %that from glycine also appeared in H-methyl-
glucos&mineaga. Hockenhu11275’?97suggeatsthat the streptidine might
arise from ring closure of a glucose derivative, such as gluoosamine-6-

phosphate {C11l) to give scyllo-inosamine (Cl).

('JH,‘:.,O."F‘OBH,2 ‘OH

e e

;
— ey

OH
? OH

RO ___ﬁ
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Recent studies suggesting mpyeinositol as 2 streptidine precursor
are based on the decrease of 140 glucose appsaring in streptomycin
when inosital is added to the medium295’299. Iyganoaitcl ocecurs in
corn steep liquor, soyz2 bean meal and distillers solubles, well known
nutrients in antibiotic production. |

The formation of H-methyl-l=glucosamine has been studied utilising
C~1 and C~6 labelled D- glucose when the C«1 and C=6 of the initial
D-glucose was found as C~l and C=8 of Ile=glucosamine., Rationalisation
of thias reéult lod ths authors to suggest inversion of all asymmetriec
C atoms of D=glucose by maltiple epimerisatioﬁssoo.

Hockenhull suggests th#t seylioinositasl as formed above may
undergo ring opening to form a hexose derivative of enantiomorphie
oonfiguration275. He also suggssts that the Hemethyl group is derived
from the moulds methylating pool by way of methionine, a thesis,
supporte:l by fhe faot thaet mothionine has been shown to supply the
methyl group in the biosynthesis of D~cladinose and desosamine,two

branch chalin sugars from erythromyoin301. The mnthyl group may also

295 '

be used in streptose formation .
The biogeonasis of streptose remaine to be explained. Hough and
Jones reviewing the formation of monosaccharides suggeat a scheme 302,

involving an aldol condensation of tartaraldehyde with acetaldehyde .

(Figure¥X ).
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Abraham and Hovt&‘m303propoao that a pinacol - pinaonviome rearrange-
mand resulting in extrusion of an aldehyde as disoussed by loodward3o4
for magsamycin biosynthesis may be involved (FigureVIX). A ring
clsavage of this nature is supported by
. 3
\’n {% -1 N
C:H 13/- H C/

c

CHO

Figure VII
Beddiley who in the oourse of examining thymidine diphospvhats

{(TDP) nucleotides of § . griseus suggested an enzymasic route of
formation from o =D-glucose—l~phospbate. TDP-glucose is conversed

engymatically to TDP-rhamnose, one dehydration and onc reduction

effecting three stereochemical inversions. Two of the intermediates

mey be precursors of atrsptose (FigureVIII3OS.
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Pha role of phosphate in sireptomyoin zynthesie has been considered
by Eockenhull275. The inorgznic phoaphate levels should be kept lowg@2

adequate supply of glucose and oxygen should bs provided facilitating

formation of the phospharylated oarbqhydrate intermediates. ~These
intermediates may be shunted from cell formation to streptomyecin
synthesis by nitrogen lewels which will not lead to high-protein (cell
wall) synthesis. Work with radioactive phosphorus 4is in progress
which may clarify its fonction.

The role of manntsidostreptomyocin is indecided, whether it is 2

precursor of streptomycin derived from polysaccharides3060r a further
eizaboration from the streptomyoin moleculs is arzuabla. The latter
view ie considered more likely by recent workor5275'2959

Hode of Action of thc Aminoglycoside intibiotiocs.

Although almost twenty years hawvo passed sinee the introduction
of streptomycin the mode or modes of sotion of thie antibiotic and
its struotural relatives as an antibacterial or antimyocobacterial
agent are as yet unknown. Research workers in these complex studise
have sought to differentiate between the primary and secondary
biologiecal effects and to identify the site of metabolic interference
ultinately responsible for growth inhibition and cell death307o

Unmbreit and his colleagues embarked on & Systematic study «f

streptomycin mostiy on Escherischia c011308. He found that the drug

is selectively toxie %o bacteriz because of A double permeability

barrier in animal cells. The smount of streptomycin penstrating froom

the blood stream into tissue is small a8 a8 result of the ¢8l11 wall
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barrier. The host cell is further protected by a permeability barcier
at the suarfice of the wmiiochondria. These workers beliewved that

streptomycin is a powerful inhibitor of the enzyme systicm involved in

a
the oxidation of pyruvate and oxidation to citrate in the Kgebs cyolem’v

310

Hoeverestrcptomyein did aot reduce citrate foraation s though

311
Umbreit proposed & secoand condensation product of pyruvate and omalacetate

Hahn considers this hypothesis unlikelySOT

312

- a view supported by later
experiments by Katagari in which no inhibition of the oxelacetate =
pyruvate uvystem was demonstrated.

Davis and his sco-workers in experiments with ldc Labelled
streptomycin and E. cuxgusuggested that the aminoglycocalde antiblotics
had two possibly interrelated sites of action. Firstly, inhibition
of ribosomes, which is presumsed to be responsible for the interference
with cell-membrane protein synthesis. Secondly, cell-membrans
permeability is impaired mllowing leakage and osmotic imbalance to
occu2313o That this protein and nucleic acid inhibition also occurs
with kanamycin has been demonstrated by Tsukmara314using Ayco. avium

These effeocts of streptomycin have also been shorn to occuir in

the protcin synthesis of iycobactarium tuberculosisBls.

Speculations conceiraing the role of streptomycin as & competitive

inhibitor in metabolic routes due to its similarity with cell wall

3
polysaccharides was advanced by Stacey3'6. Interfersnce with inosits 1

295

metabolism has alsc been considered likely
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SYMTHETIC WORK

The synthetic approach towards the aminoglycoside untibiotiecs has
achieved only limited success. Biological activity is retained only
4f the antibiotic is subjected to a minor modification such as the
formation of dihydrostreptomycin from streptomycin or kanamyein methane
sulphate a new salt of kanamyoin.

A number of pateats have recently been issued concerning the

pantothenates of streptomyocin and its redﬁcod derivatives. Streptomyci:

ia treated with pantothenic acid D({-)a!-h, %dihydrozy-ﬁ,ﬁ =dimethyl

butyryl)- f-alanine { Cl1i ) to yield a ualt“"”.
s
HO CH2 C.CHOH COuWH CH2 CHZ COOH

H, (cx11)

These salitg are claimed to be less toxic to the auditory nerve and in
one case said to be active against streptomycin-resistant organisnms,

Joint 2dministration of calcium pantothenate and streptomycin is also

sald to reducs tozicity‘ue.

Other salts have been prepared as lower toxicity derivatives,

inocluding the methionates of streptomycin and dihydrostreptomyoin319

and the B-methane sulphinates (-CHESOEHa) and S-methanesulphonates

(-CHQSOBHa) of streptomyecin and neomycin320. A number of similar

salts have been prepared with kanamyoin321'322

by Japaness workers
who have &lso prepared substituted methanesulphonates which may forn

a chelate ring by hydrogen dbonding. Their results JI7¢. summnarised in
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Table 23?3. These derivatives are said to be lese toxic than the
sulphate but a question as yet unanswersd is whether the therapeutic
index is improved. Neomycin methanesulphonates are also describsd.

A number of derivatives of dihydrostreptomyein have been prepared

by alkaline degradation. Both Stenlake 24

and his colleagues and
Polgluse325round that strepturea dihydrostreptobiosaminide possessed
low activity. Mital also prepared a number of other derivatives which
are listed in Tablo 3324.

The structurs of streptamine having been shown to be 1,3~diamino

80yllo = inoesitol, a number of workor9326'328

prepared and investigated
rolated inosamines and derivatives. One such series im given in
Table 4, but no compound of any positive antibiotic activity was
described though some tertiary bases blocked nerve imp'alses.

Stenleke and his co—worker9324

synthesised a series of streptamine
and streptidine glycosides using the acetylated derivatives of
streptidine ox streptamine with one free hydroxyl and the glycosyl
haliday The compounds are ennumerated in Tadie5, none showed any

appreciable activity against Mycobactorium tuberculosis in vitro.

May and his oo-workers synthesised a series of substituted phenyl
" glycosides of D-glu0083329an& D-glucosamino330by way of the glycosyl

halides (Table 6), but none of these gompounds showed biological
sctivifya
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The disoofery cf kanamycin stinulated the Japanese to prepare
analogous glycosides ffom 2-deoxystraptamine and its relntives. frans
-2=Amino=cyclohexyleD=glucosaninides (CIV)33land 4y6=di=f=( D-gluco-

)33?

pyranosyl)=2=deoxystreptamine (CV showed no antibiotioc activity.

A further series of kanamyoin related compounds prepared from

6-gluccsamine wers described (Table 7) by wtok-trou333

but showed no
activity as antibacterials though the piperidino and dibenzylamino
derivatives were active against certain fungi.

A thenis describing modifications of neomycin and stheptomyecin
antibiotics and effects on aotivit1334, the details of which are not
yot available, suggests that moncamino, monoguanidinodibydrostreptomycin
has about ona fifteenth the activity of the parent drug. Reaction

of neomycin, kananycin and neamine with S—methythiourcusto form-
&

partially and completely guanidinated derivatives gave compoundes of

conBiderably lower activity.



TABLE 2 ,

Depivatives of Kanamyein (K) with reduced toxicity.

Be-methane sulphonates e !To'xi city
NyH’~bis(methane sulphonste) x(.m?)z(.wac&2503ua)2 Lower
B, ¥°,B"N"~teirakis (methane sulphonste) K(HHCstO 335.) 4 I Lowsr

Substituted N-methene sulphonates

K(NBQ)Q(NHCH.X.SOBHa)z

X Toxicity of-Kanamyoin
% N ) CﬁZCI Less
% 11 (2H(312 Less
\ 3 . : .
i B - ' CH,Br Same
v 05?0083 Slightly less
IR

Supposed Chelate




TABLE 3

In Vitro Activity of Some Streptomycin

Derivatives on dycobactcrium Tuberculosis

Name of Derivative G Ay By Ry | Activity
ﬂl

Streptomycin =NH=C=NH2 =CRO H H Good
=acetyl ”H

streptomyoin =NE=C-NH2 =CHO =CH3CO H | Less

Pnacetyl trityl di- 13

hydro:treptouyoin <NH-C-¥B2 |=CHR0C(CglHs)3|CH3CO H | Slight

Undeca=acetyl HAc

streptomycin =NH=C~-MNHAc ~CHO =CH3CO | CHyCO | Eone
Dodeca-acetyl di- ﬁﬂlc

hydrostreptomyocin |-=-MH=-(=NHAe |=CHy0Ac =08300 CH4CO | None

Strepturea=dihydro- H very
streptobiosaminide |=NH=C=MHp |[-=CHoOH H H slight

Streptamine dihydro

streptobiosaminide =MHp =CHo0H H H None




TABLL a

Synthetic 2~deoxystreptamine derivatives.

Ho. R, B, 2, By B,
1 CH,CO H H ;i
11 C4HSCO A H H |
111 | CgHCH, “H H f |
1v C4H CH H B
v o-H,COC,H K H A |
CH,CO
vl Coll Cil 3 CH,C0 |
vii | cH,co C gHNHCO H CgHgHECO|
V111 | p-H,NC.H CO B-H,NC,H CO K d
1X CoH O, H CH, H
X Cgl 5O, C 4H NACO CH WHCO B
Es 5
o —R
Ry 1
Rp0 OR,,
o2




TABLE 4 . {continued)

T Re
A -~
23 3 &
R0 032 85
No. Rl Rz 83 34 R'L
X1 (cu3)20ﬁc;{2 H H H c1
CH_CO
X11 033 H 3c CH 3 H C1
X111l cﬂ3 H CH 3 H cl
X1v o~H 3000651 4cn2 H H H c1
XV H,4CNH H H H S0
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BAE ) R, ACTIVITY,
Streptidins-8 -D- Eﬂ Very slight
glucopyrancaide dH «~ C =
Streptidine~g ~D~ SH Fone
glucosaminide ~NH - g -~

ey

Streptidine-2-yd-mothyl~ MH None

i
smino-§F —D—glucosaminidJ e -~ C - \

i i

Streptidins~2-N-mothyl~ E:H None

]
amino- 8 ~L~glucosaminide -NH ~ C = ‘@'
Streptidine-oxyethyl=§ = .aﬂ None
D=glucopyranoaide “fH - C' - @‘R
Strepturea~S =D- .0' lione
glucosanrinide ol - C =

| »

Streptamine-3 ~D- HH ' Hone

Lgluoosaminido

aH




TASLY: 6 .,

Amino and Guanidinc~Phenyl Glucosides

P 0 ('Zi’. Py ('ZH
H-C - OH - H-C‘-Nﬂz
HO~%~H and!or o--l-ﬁ
H = i: - 0OH H = % < OH
H o f H = t'IJ —()
CHZOH CH20H
{p . 2N MRS Zmmm ey w 2
{H
o—luninophenyl—ﬁ =D~ H -4‘ o0—guanidinec--
- \ﬁﬁz -
glucoside (or glucosaminide) phenyl-glucosciy
or
| (g{ucosaminidv
5 T id4
m~Aminophenyl~fM -D- F m=guanidino-
glucoside (or glucosaminide) BH, | phenylgiucoside
. or
ar )
(glucosaminide
WH :
p-Aminophenyl-$§ =D- H Pg P-suanidino-
*
glucoside (or glucosaminide) ‘mg phenylglucosids
or
{ glucosaminide
2y4-Diaminophenyl- 8 - H 2,4=-digynnidine
D-gluccside (or glucosaminide) phenylglucosice
or
(glucosaninide )




PABLE " T. .

E-gubstituted derivatives of 6~smino-6-dsoxy-D-glucose.

/S‘T“z’

R - CH, (0808)4 - qE

5 - CH2
R Antifidngal activity
A. Piperidinec '“<:::>> Present
B.  Morpholino _{ > #Oons
Ce Pyrrolidino -% [ EOne
. _‘B<GTI2C-61’!5
D. Dibenzylamino CEpCgFz Present




Discussion

The stracture of dihydrOStréptomycin has not yet been det.rmined
in oomplete stereochemical detall. Though thoe point of attachment
of streptidine to dihydrostrertose has just been shown to be C~4‘26',21
rigorous proof of the nature of the glycosidic linkage and conformation
of the nature and ring form of the streptose or dihydrostreptose
molety remainz to be obtained.

The breakdown of the molecule into its component parte has been
deseribed in detail in tﬁe introduqtion. Streptidine and d-methyl-L~
glucosanine, which were isolated in this way, were characterised bdy
comparison with aynthetic samples. The central dihydroztreptose
mciety, however, was not isol'ated, though ite structure in the moleculs
wnas adduced from the stuady of derivatives.

Isclation of thie friugment would be of interest chemically to
assign a stercochamical structure, and, biologically, to gain a
clearer understanding of the role of this moiety in the action of the
antibiotic.

Wan =Y¥u and ais colleaguea335have described the partial synthesis
of L-dihydrostreptose (CV1l) by reduction of L-dihydrostreptosonio

acid lactone (CV1), with lithium aluminium hydride. The product of

this reaction was & syrupy mixture from which a tosyl hydrazone was

obtained, the analytical evidence and physical characteriutics of

vhich were indicative of dihydrostreptose tosylhydrazone (CV111).




= ny ‘,q"*\
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By o~ R HOCH, ~= C = OH
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3 CH cH
- . 3
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ATho streptidine - dihydrestreptobiosaminide bond in dihydro-
streptomycin is readily cleaved by mild acid hydrolysis or methamolysis
to yield a etreptidine salt and the selt of the anomeric dihydro=
streptobiosaning or their methyl glycosides. A number of methods

have been publishad244’246’257’258

for the hydrolysis and the separation
of the resulting products. Néne of these methods resulted in the
isolation of tha ¢f- andﬁ’ - anomers of methyldihydrostreptobicsaminide.
Methode in which alumina columns were utilised in separation were poor
in terma of yield, and hence the methods of Bartz, Controulis, Crooks

2517

and Eebstoek2585nd Fried and Wintersteiner wore tried im this work.
Bartz's method included & neutralisation with 10% methanolic sodium
hydroxides; the resulting residual sodium chloride and sodium sulvpkete

wore pomewhat difficult to remove and aifected final yields. In all

later methanolysis the selective ether precipitation method of Fried
and Wintersteiner was adopted.
Barly workers attempted strong acid hydrolysis of the disaccharide

fragment into its component monosaccharides, dihydrostreptose and

N-methyl-L~glucosamine but only the latter fragment was obtained from

the molecule 1ntact234. Dihydrostreptose appsared tc bec labile te the
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severe acid conditions necessary to achieve secission.

Fragmantation of ¢ ~methyl penta~acetyldihydrostreptobiosaminids
with acetic anhydride/acetic acid catalysed by sulphuric acid
(acotolysis) was thought to have achieved quantitative cloavage, but
various attempted methods of separation could not remove the water-
soluble sulphoacetic acid from the streptose fragment and only H-
methyl-l-glucosanine was isolated>3C, ,

Dihydrostreptomyein is =& '3 -« linked glucoaidoznof Nemethyl=l~
glucosamine with dihydrostreptose - a glucosaminide. The résimtance
to acid hydrolysis of the Deglucosaminides was studied by Moggridge

ls?who suggested that the stability of glucomminides 9 acid

and Neuberger
could bse attributed to repulsion by the poﬁitively charged basio
group while in the cation formy thus the hydrions find diffioculty
in approaching the glycosidic bond. Evidence in support of this
hypothesis came from the study of hydrolysis rates of ¢ - andF -
methyl=D-glucosaminides (CiX) (CX) and their acotyi dorivatives (CX1)
where the methyl-ﬁ =glugosaninide hydrochlorie was found to nrave a

very much slower rate than that of methyl !-aoetyl—ﬂ =D=glucosaminide,

in whioh the nitrogen atom carried no charge.

CHCH CEa0H
r\oR / e mo\od /vw fe)
@ Wmy SHCOCH;

(ax) (cxt)
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33Woonpared the ratoe of acid hydrolysis.

Neuberger and Pitt-Rivers
of the ¢, and P =methyl D=glucosaminides and found that the & 1 fratio
was 1001510 emphasising the influence of the positively charged
basic group on the glycosidic linkage; apparently a distance effect.
Thus the ois <{ =-glycoside 4n whioh the glycosidio oentfe is oloaei
to the amino group is more resistant than the trans F'-giyéosideo

The scid catalysed hydrolyeis of methyl-D~glucopyranosides has
2180, which showed that

cleavagas takes place at the glycosyl = oxygen bond. The mechanism of

been studied using isotopically lsbelled H

reaction commences with a rapid reversible protonation forming a
R-—%—-O=-Ha ~ 32180 —> R -=-=-l-80oﬂ $ H =0~ ¥s

conjugate aold which undergeces slow ug}molecular reaoction, Two
possible schemes of resction were poetulated338 (Fag. IX ), (a), in
which protonation of the glyccsidic oxygen ocours o yield a carboniunm
ion, subsequent reaction with water bdeing rapid, and, (B), in which
proton combination occurs with the ring and ring opening takes place

between the oxygen and C-l; rapid resction with wster proceeds to

release methanol.

(4)

(B)
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The poatulate represented id schene (A) is regarded as more
likely on evidence from comparison of the products of methanolysis of
phenyl tetre~O-mathyle o =D=glucopyranoside and tetra=Qemethyl=o =D-
glucopyranosyl chloride339, The latter on methanolysis probably
forma a carbonium ion at C=l, and it esems likely that the methanolysis

of the glycoside also involves this ion, Supperting evidenocs also
comea from study of the sulphur analogues of the glycosides. 1-Thio=
glycosides, e.g. ethyl l—thio-/gub-glucopyranoae, (CXI1) have &

slowar rate of hydrolysis -than the corresponding O-—glycosides which

is attributed to the slower protonation of the glycosidic sulphur
compared to that of the more basic oxygend4®,  D-Xylopyranosides (CXIII)
on the other hand‘hnvo a much slower rate of hydrol}sis than D-xylothie-
pyranosides (CXIV)j3 ¢thia is explained on the basis of scheme & by the

Anductive effect of the sulphur releasing electrons on the exooyclie

341. H20H I
SE¢
Olde . .
- HO \QH HO H

(CxXI1) {CxIII) (cxxv)
Foster and Overend342, accepting the mechanism of scheme (A)

oxygen

have considered the contribution of different substituents around the

glycosidio centre, to the stability of the bond(Fig.X). An inorease

i \tlc,;o
e

: @k OR"™

in the

Fig. X
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oleotronegativity of R’ will enhance electron transfor x, as ewidenced
by the known more rapid agueous acid hydrolysis of arylglycosides
compared to alkylglycosides.

The effect of R = R", the pyranose ring and its substituents ie
exceedingly complex,. ﬂ =-Glycosides are generally more rapidly

hydrolysed than thoir ol-anomers, due to conformational shielding of the

glycosidic oxygen from protonation. The preferred conformation of
the glycousidic group in (- anomers is in most cases the axial
positiony thus the ring substituents have more influence than with
the equéﬁorially orientated ;9~ anomerss Support for this thesls is
given by the study of the gulopyranosides where the <\ ~anomer has a
preferred equatofial conformation and is more rapidly hydrolysed than
the axial f- anomer.

Various investi gators343

suggest that general conformational
roesistance, such as caused by the change from chair to half-chair form
occurring in the hydrolysis of { -methylglucosides at the rate
determining step (Fig. XT ) with a consequent increase in non=bonded

interactions may affect the rate of hydrolysia. The effeot

4+ ISeQE
oot
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The effects however, are complex and the evideace slight.

344

Shafizadeh commenting on the nature and orisentation of substituents

at C=2 sucgests thut corrclations between this effect and the

conformation of the relevant pyranose ring ure doubtful as the same

sffect is shown by furanosides, and differences in ratcs of hydrolysis
which result in modifications of pyranose conformation are relatively
small. 2=Deoxypyranosides are much more labile to acid hydrolysis
than the parent sugar. This stabilising effect is probably'a function
of the more elecctroneg:itive hydroxyl group. Study of the hydrolyeis

of 2-amino-Zedeoxyglycosides and eheirlgfaubstituted derivatives by

Foster and his cc-wo*ker3345confirmed the findings of Moggridge and
Heuberger1 Tenat two reaction pathwnys are involved (C) or (D) Fig.®RIT )
?Bat
(:
’ﬂml 2

5'

. {xx1)
Preference for either (C) or (D) 18 & function of the nature of

the aglycone X and d- substituent R. ¥hen R is =-S()3H,, &2 in heparin

and X is alkyl pathway (D) predominates, when R iam acetyl and X alkyl
(C) is favoured, D-glacosamine being reloased. Route (D) is

unfavourable as any glucosamine released after the N-pubstituent has

been removed reaquires severe acid eonditions for hydrolysis causing

irroversible destruction. Neuberger and his oolleagues346 more
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receontly considered conditions which would favour cleavage of the
glycosidic bond rathor than the acetamido link of methyl N-acetyle
glucosaminide. The hoat of activation and relative rates of
hydrolysis showed that high acid concentrations and high temperatures
favouy glycosidic cleavage, but that the severity of the conditions
is limited by the stability of the amino sugar.

Akiga and Osawa34?

have introduced recent svidence im support of
this schems foxr acid hydrolysia of methyl d-acylglucosaminides whiech
showed that tho rate of hydrolysis decoreased in proportion to the
increasing dissoctation constanta of the y~acylating acids. Where
the acid amide linkage is stable pathway (C) predominates, while
pathway (D) is followed where the amide link is less stable. This
ovidence agrees with that of ﬁarsh311348who proposed that the rate of
hydrolysis of a methyklucopyranoside may be related in a quantative
way to the pK value of the corresponding C~2 substituted acetiec acid.
Findings by Vang Yu349an& his colleagues with methyl N-(2,4-
dinitrophenyl )~D~glucosaminide alaﬁ support Moggridge and Neuberger's

thesis that as the C~2 substituent 1o made lesg electromegative, with

Hepubstitution, both proton transfer and hydrolysis occur more readily.
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Preparation of ¥~(2,4-dinltrophenyl)-methyldihydrostreptobiosaminide.
(DNP, Wethyldihydrostreptobiosaminide).
Wang Yu and his colleagues35°have prepared o = and f - methyl N-
(2,4-dinitrophenyl)-glycosides of D-glucosamine (CXV}. These

351

compounde were known to have high R, values on papergrams . Thus it

F
was considered that the 2,4=-dinitrophenyl derivatives of the methyl-
dihydrostroptobiosaminides (CXV1) if prepared would be highly ooloured

fast moving compounds amcnable to hydrolytiec cleavage and schromato-

araphic study.
CHgOH

EO\GE ,/

o1l

(cxv) {s7vY)
The method of Kentsszfor the preparation of the 2,4-dinitrophenyl

derivative of Deglucosamine was medified in this condensation.

Difficulty was encountered in the purifiocation of the mathyl MN=(2,4-

. dinitrophenyl)~dihydrostroptobiosaminide and very recent papers by

Lloyd and his collsagues preparing a number of amino suger DNP derivatiive

353’3545 Sodium chloride and

hsve reported similar difficulties
sodiun fluoride, prodused during the reastion interfered and unrsacted
2yf=dinitro=fluorobenzene was diffiocult to remove. The firal product

had a2 high RF on papergrams bui the spot was indeferminate with a long
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trail and when the hydrolysis was completod traces of 2,4-dinitrophencl
wore identifiable from ultraviolet absorption at 2i0 A -

Column chromatogeaphic purification was attempted on this derivative
without successe. Cellulose pcwder was used with butanol-acetic acide
water 43135 and batanol-ethanol-water, 43135 as solvents but the
product on papeggrams exhibited tailing. The method of Rinehart and
his colleaguealfo: the purification of d,N°'=bis-(2,4~dinitrophenyl)-
neobiosaminide B utilising a silicic acid celite column and ethanol-
chloroform-wstor 1:9:t1 as solvent system was also unsuccessful,

s

A method latterly adopted for the preparation of this derivative
entailed use of a basic ion exchange resiny which maintained the slight
basicity necessary to effect condensation and also remove in situ ,
the hydrochloric and hydrofluoric acids released. The product still
gave @iffuse spots, though the N-DNP=glucosamine produced in thise

manner wes very purs,.
These diffise spots may be due to the precsence of a punber of

isonmers. Reports by Lloyd354

of furanose forms of glucosamine being
present afier this condensation leads support to this argument.

Hydrolysis of methyl H-(2,4-dinitrophenyl)-dihydrostreptobiosaminide.

In the above studies of hydrolyseie rates of methyl aminoacyl-
glycosides, the course of hydreolysie was followed by moasurement of

the free glucosamine produced. This useful criterion was not availabie

in the present study as the methylamino group of Nemethyl=l=glucozamine
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molety intcrfered, Recourse was thercfore made to polarimeiric
measursments, papergramns and Fehlings reducing sugar tests for
evideace of hydeolysis, Papsr electrophoresls was used in later
worke

Prelimiaary experiments investigating oonditions for hydrolyais
with hydrochloric acid gave no evidence of reaction below 2N, at this
and higher acid concentrations a positive Fehlings, a change in
optical rotation and new spots on papergrams indicated probable
cleavago.

Various runs with 2.5 hydrochloric acid followed by ncutralis.-
ation with silver carbonate initially and in later oxporiments with
2 10% chloroformic saﬁation of purified di-n—ootylmethylamine355,
showed two»particula; spots, that were not present bcefore acid
treatmont. QBF O3 and RF 0,55 in n~batanoleacetic acid-water
solvent.) By sealing up the paper chromatographic separation small
amounts of these fractions were obtained in an impure stata. The
faster moving compound was subjected to micro periodate oxidation
which indicated that this fraotion could be the methyl glycoside of
dihydrostreptose. (Appesndix 1).

Cellulose column chramatographic separations were then a:plied.

Extrusion technigue, bxtrusion column cohromatography was

investigated on initial experiments for the separation of the
products of this hydrolysis, Improvised exfrusion columns were set

up using 2 cam. bore glaas tubing, extrusion being accomplished with
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positive pressure. Anr even pressure was found difficult to achieve,
and despite use of silicone treated tubes brealages were frequent.
The extruaded coluwn ccntaining the material was painted with a thin
line of developing reagent (aniline hydrogen phthélate or ammoniacal
silver nitrate) to ldentify bands, The method was abandoned in favour
of elution technigues,

The incomplete success of this wovk with mefhyl ﬁf(2,4:dinitro~
phonyl)=-dihydrostreptoblosaminide, due tc the difficulties assoclated
with the entrainment of dinitrophenol at all stages, led to ;he
oonsideration of other K—-substituted methyldihydrostreptobiosaminides

tho most obvious being the N-acetyl derivative.

Msthyl Neacetyldihydrostreptobiosaminide,
Selective Neacctylation of primary aminq_nugars was first
accomplished with glucosamine in 1898356. ¥ore elegant methods have

357

beant introduced since that time”™ " , and two of those were applied to
the Neacstylation of the secondary methylamino group in methyldihydro-
streptobiosaminide without marked sRcoass,

Boseman and LudoweingBprspared‘gyacety1~nmgluoosamine from
D=glucosamine hydrochloride by diseolving the sugar im 10% aqueous
methancl and stirring together with acetic anhydride and a basic iocn—

oxchanse resin. It ia not clear whether the resin iz zdded to prevent

DO-acetyliation or to act as an "scid acceptor” im hastening the

reactionstg Passage of the filtered reaction solution through a
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cationic resin removed the unreacted base, the neutral H.acetyl
derivative being obtained in near quantitative yleld. Application
of thie method for the preparation of methyl N-acetyldihydrostrepto-=
biosaminide was unrewarding the maximum yield being about 20%.

A second selective acetylatiocn method described by Inoue and
his co-workers for the preparation of‘gracatylﬂD-glncosamine359was
adapted to methyldihydrostreptobiosaminide. In this method the
sugar hydrochloride was dissolvaed in methanol containing an equivalent
amount of sodium, the resulting sodium chloride centrifuged off, and
the base trmated with 1.5 equivalents of acetic anhydride at 5000,
Chromatograms showed only partial N-acetylation had oocured;
attempts to separate sturting product from the N-acetyl derivative
by ion exchange and cellulose column chromatography gave very poor
yields.

The reason for these failures is not clearly understood, Initially
it was thought that moisture interfered with the latter preparation
but when the experiment was repeated under rigorously anhydrous
conditions no improvement was cobserved. The presenca of the N-methyl

group may exert some bulk o»r steric effect hindering the facile

N=~acetylation exhibited by the prizary amino compounds.
Rinehart and his colleagues working with neomycins sought, as

described in page 30 ; to cleave the diaminohexose = pentose

disaccharide of the neomycins,. This was achieved by formation of tha

N,N'=dibenzoyl compound followed by hydrolysial86b, The diacetamido
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derivetives was also prepared by & simple mathodl86awhich hae been
applied in the preosent work auncszessfully to dihydrostreptomycin,

Methyldinysdrostreptobiosaminide base prepared by ion exchange
traatment of the hydrochloride was placed in methanolic pyridine snc
treated with 1.% equivalsnts of acetic anhydride. The N-acetylation
wang followed by the ninhydrin test for primary and secondary amino
groups, the test giving a negative result when Ne-acetylation wasz
complete. Isolation included exitraction with chloroform t¢ remove
any fully acetylated derivative. Pyridine tended to adhere tc the
hygroscopic devivative and on occasion had to be removed hy psssags
through a cation-exchange resin, which also removed any starting
basa.

In early exveriments racourss was made ¢t¢ the prevarntion of
fully acetylated derivatives and selective de=O=acctylation. This

reaction as described by Hital360

gave good yields in the preparation
of N~acctyldihydrostreptomycin from dodeoca~acetyldihydrostreptomycin
with methanolic ammonia as the de-y-asstylating agent, dut the
analagous conversion of methyl penta~acetyldihydrostreptobiosaminide
to the methyl H~acetyldiliydrostreptobiosaminide was somewhat disappoint
ing glving an impure product{ as cesn on papergrams. This reaction
Bas Fécontly Deen investlpated £oP the a=jeacetyIStion of o-D-

361

glucosamine penta=acetate with various alkaline agents in mothanol:

uncharaoterised artifacts wore produced when the de~ Qracetylstion
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mixture was examined by paper and thin kayer chromatograpby.
Apparently these artifacts are prodaced in the de-U=acetylation
by trﬁpea of hydroxyl ion. Any water in the system would yield
hydroxyl ions with most acetylating agents and rigorous anhydrous
conditiohs are almost impossidble to aohieve.'

Pentgedcetyl=Nemnthyl-Deglucosamine and p=methyl=NeacotyleD-
gluoﬁaaminé wore prepared as described by Folkor5244. The yields
oould'not be improved = probably due to the lack of stability
(carapollisation) of the glacosanine in water at elovated tomperatures

when boiled with zine chloride.

dethyl W-toluene-p~Bulphonyldibydrietrestobiosasninide.

y.Thia m:)stant® ryas prepared by heating two equivalents of
recrystallised tolusne~p-sulphonyl chloride with methyldihydrostrepto-
biosaminide in carefully dried pyridine at 40°C for two days,
following the oourse of the reaction with the extinotion of the
ninhydrin reaction. The orude produact containing starting material,
was purified by rapid passags down a cation—exchange ooclumn when any
basic sugars wers romoved, Slow passage down this column appeared
to oausa some de~O-acetylation as shown by papergrams and electro-
phoresis,

The f=toluene~p=sulphonyl substituent was considered a very

strong electronegitive group for weakening the glycosidiec linkage.
1t is howaver not obtained in good yields and the hydrolysis hes

not yat beon investigated,
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Hydrolyeis of N~Acctyl dorivatives.

The hydrolysis of methyl d-acctyldihydrostroptobliosaninide was
expected to follow the pattorn of hydrolysis of the g-acetyl—De
glucosaminides proposed by Foster and Overen6345. That partial
de~fi~acetylation occurred on acid treatpent was clear from papergrams
in which the ninhydrin test for free ‘:>I-H groups originally ncgative

revertod to positive and a spot runniang parallel with Nemethyl-L~
glucoi.amine was wvisible, Paper chromatography also provided evidence

for further producsts of hydrolysis, two new spots appearing at B, 0.%

F
and 0.3 resvectively.

Theoretical con%iderations allow the prediction of the following
preducts in the hydrolysate = dihydrostreptobiosamine, dihydrostreptose
HemethyleL=-glucosanine and;gracetylfgrmethyl-L—giuooéamtuo. A cationic
exchange column (Dowex 50 H') proved useful for the separation of these
fragments, including the geparation of the amino sugars from the
neutral dihydrostreptose. The f~acctyl=iemethyl-l~glucoesamine also
behaves as a neutral sugar but it had e slightly slower rate of

migration in the column than dihydrostreptose and & separation was

achieved if small fractions were collected. In larger scale work,
however, this presented a problem. Paper electrophorssis wae
useful in the oarly qualititive work, showing the presence of neutral

and amino sugars after hydrolysis.



98,
Dihydrostreptose ohtained from the early fractions of the
hydrolysate eluted off the columm has not previously been deseribed.

335preparod the toaylhydrazone {(m.p. 13600) by

The Chinese workers
treatment of s mixture with toluene-p-suiphonyhydrasine. This was
obtained in the present work in trace amounts only, (m.p. 140°C), but
ingufficient was availablo for analysis. A monoacetate (m.p. 172°C),
has howover been prepared. A triacotato would be expected from this
sugar but as the reaction took place at room tempsrature perhaps the
conditions were %00 mild for complete acetylation.

Aeid hydrolysis of mothyl N-acetylstreptobiosaminide dimethyl acctal.

Hothyl N.acetylatreptobiosaminide dimethyl -acetal was prepared

by a method analégoua to that for the dihydro derivative. Attempts

to hydrolyse this compound with 2N hydrochloric acid into the components
streptose and H.methyllglncosamine caused extensive degradation.

Passage of the neutralisad hydrolymsmmtedown a Dowex 50 K+'cation-exohange
renin did not effect separation of any neutral sugars. Paper
chromatographfie ovidenoe showed the presence of amino sugar in early
fractions, Attempted preparation of penta~acetyl—H-methyl~L-glucosaminc

from these fractions mlthough it 4id not give a orystalline derivative

gave the same Rp as authentic material on papergrame.
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lon Exohange Hydrolysis of Methyldihydrostreptobiosaminide.

As the preparation of pure Hi-acyl derivatives of methyldihydwo-
streptobiosaminide was time consuming and the aim of this work was
to find a reasonable method for the isclation of dihydrostroptoses
several othor methods were tried but with very l1little success.

Direct acid hydrolysis of dihydreatraptobiopasisids apd (s
derivatives has been reported as destructive to the streptose mbiety234.

In the degradative study of amicetin an antibiotic from Stroptomyces

plicatus and S. vinacoous = drappiss, Haskell and his associates

reported the scission by a oation-exchange resin (Dowex 50 Hﬁr) of
the aminoe glycosidio bond of amiootamino362(ch11) to yield amosamine

(€XV111) a j~amino-sugsr and the neutral deoxyhexose amicetose (CX1X).

Mo=N-ie

)4

ol oF
(cxviI) (CXVIII) (cxxXx)

in this case a }-aminoglycosidic bond is involved and thoe aminc

neighbouring group effect is less aa the dissaccharide is hydrolysed

readily with 38 hydrochloric acid.




100,

Painter363hac examined the use of wator soluble donwdialysable
polystyrenc sulphonic acid for tholpsrtial hydrolyaies of amino-
polysaccharides and, in model experiments, glucosaminides. He states
that the polysulphonic molecules are surrounded by a very high localieed
hydrogen ion conocentration, and, since the cation-binding properties
of some polyeclectrolytes can be oleoarly demonstrated i3 is rensonable
to suppose that any positively oharge&~ion'would ba attracted into
these regions of high 10idity. doreover if 2s a rosult of this, an
electrically neutral fragmeat were split off from the moieoula by
hydrolysis, this frggment would then be exposed to muoh lower awerags
acid&ty364. Bagie carbobydratea were hWydrolysed in these sxperiments
much faster with polystyrene sulphonic acid than with sn equivalent
anmount of mineral acid.

The water insoluble polystyreae sulphonic acid ion-exchange resing
are non-dislysable but are rather unsatisfactory for bydrolyeie of
pelysaccharides, probably oving to the difficulty with whish the
large molecules penctrate into the resin pérticlos. RHowevcr, in view
of the saccess of the omicetin work and the relatiwely small size of
the methyldihydrositreptoblosaminide molecule it seemed worth attompting
ion-exchange hydrolysis.

Preliminiry asork zith Dowox S50 H¥ form in which the hydrolysis
of methyldihydrostroptobiosaminide in watur at 50°c was follaomcd by

papergram and paper electrophoremsis shoved that hydrolysis had occourred.

|
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Passage of ths hydrolysate dowyn a Dowsx colwen and fraction collection

lod %0 tho imolation of an elestrically neutral fragment B, 0.1 in

¥
prnall amounts. However, degradatiocn had ocoourred and although a
- tooylhydragone was prepared f{1rom repeat experiments on a larger scalp,
the yield and analysis were poor. The method was therefore discontinued.

A second chemical method exsmined in the search for facile
cleavage of the glucosaminide bond of methyldihydrostreptobiosaminide
was deogmination %o give & neutral sugar which would allow milder
hydreolytic conditions to prevail. The sscondary amino group, however,
io not amenable %o pitrous smeid desmination and no attempt was made
to usa this roagent.

Doamination of primsry amino sugars with 1,2,3=indane trione
hydrate {CXV1), (ninhydrin) yiclding pentoses has been roported365o
D=Glucosamine was dograded to D-arabinose, whilst galactosamine gave
lyxecses ¢the method has new been adapted for ths igentification of
smino sugars in polyaacchsridoe366. The mechanism of deamination
kas not been studied dbut the formation of a pentose would indicate

367

a ring cleavage o Yiolet or yellow intermediates, which are

rooponsible for the use of ninhydrin az s reagent of dotecting sugars

on papergramns, are formed during this actiony the nature of theae
chromagens being imperfectiy understood. Work with the amino acids
has given some information on the struecture of these intcrmedia%es368.

Proline (CXX1) which gives both & yellow (CXX11) and & violet colouw
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(CXX111) ie said to undergo tho following reastion with ninhydrin.
M0

) -
0 - L4 @_{ yollow
(exxxIT)
(erx3y)

l-lethylamino acids sre also detested by ninhydr1n369though no
rention is mzde of the methylamino sugars.

Hethyldihydrostreptobiosaminide gave'sa central y&llovrspot
ringed with violet, oxr under certain conditions a violet spot only
indicating frow analogy wiih amimo acids that more than ome compound
ie formed. It was felt that since thies ninhydrin reaction cceurred
with the H-methylamire group, deamination should be attempted
paralleling the work with slucoeamineBssl 365

Equal gquantities of methyldihydrostreptobiosaminide and ninhydrim
were boiled togethex for half an hour in olightly moid agueous media.
The resulting dark brown solution gave on evaporation a dark‘brown
SYyTUP. Papergrams indicated that extensive carimellisation had

ocourred, & spot with RF similar %0 glucosamine was presant but no
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other detectabls sugar derivasive. Bepetition of the axperimen{:
with 2 longer reaction time showed even more degradation with no
positive result. The experiment was discontinued in favour of more

fruitful methods of degradation.

Engymatic olysia

Various chemical methods of glycosidic cloawvage of methyldihydros-
sireptobicsaminide were attempted with limited success. Sone
attention wap itherefore directed towerds onsymatic hydrolysis.

Inforpmation concerning strepiomysinanes is soant. The papers
avallable refor to an ¢ -mannosidase, eplitting offthe mannaose portion
of manncsidostreptomycin relsacing streptomyciaz?go Pramer. and
assopliates, however, have found a speciocs of Pseudomonas which

releesven H-methyl-l~glucosamine frem sﬁreptamyoin”o. That enzymes

capable of cisaving the & -L~gluceosaminidic linkage occour in the body
waa obvious Trom metabolic studiss.

After a review of the available hydrolyiic enzymes it appeared
that the snzymes most likely %o achieve soission was _g_-acetyl—P-D_-;
glucoraminidase an ensgyme Lulkly speoific for _.ii--acetyl-'g--D-gluaosam;’mi‘.de
bonds, wkich osocur in a numbex of plant and animal tissues"'?z.

The N~acetyl= ﬁ ~gincosaminide bon_d ie not configurationally

equivalent ¢o the acetylated dihydrostreptobliosaminide bond whioh i=
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BHAC

B- » e

However, as the mochanism of enzymatic hydrolysis is uaknown it was

folt worth attempting preliminary expsriments utilising this enzyme.
The enzyme which is similar ¢to chitinases may be obtained from

the digestive glands of the snail Helix pomata, emulsins and some

micro-organisms including StgggtomgposB73, but the richest sources

are found in mazmalian tissie. The bes$ sourcs was boar epididymis?!®

byt & more readily aveilable crude source was fraecze-dried ram-testss—
extract, the snzyme being active after 2 ysars at 0 » 5°0375. Pure
enayme has not been isolated from these sources, but using the orude
extract, Leaback and co-workecrs have collated data concerning the
optimal conditions for the enzychTs.

Freeze=drisd ram-testes~extract was obtained and its activity
tested using goni.trtaphanyl-ﬁ ~Jl-acatyl glucosamine as subctrate,
when the p-nitrophenn]l was released and estimated spectrophotometrically

from the absorption pesk at 400 o e The ensymc was found to be

active end Leabacks®' work was thereby confirmed; the recommended
optimum pH temperature, time and subatrate/enzyme soncentration

being followed.
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Appliontion of thie ensymatio tochnique to methyl R-acetyl—
dihydrostreptobiosaninide was difficult as concuntpruiions werc at a
micfomolar level and no speoctrophotomotric mcthod wis available to
measure rolease of aglyoone (dihydrostro;tonc)ﬁf"!raccty11!rmethylw
L-glucosamine. Paparsrama were resorted to for evidence of hydrolysis.

The papergrams showed no evidence of hydrol¥sis either at the
racommonded enzyme concentration, or in repeat experiments using twice

this quantity of enzyme.
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GLYCOSIDES OF DIHYDROSIREPTOBIOSAMISE
Intpoductory
The original aim of this work was $o prepare glycosides of

dihydrostrcptose, the study of which may aid tho understanding of
structure~action relationships of straptomycin antibiotios. The
dtff;cultiaa ancounteroq in preparing reasonable quantities of this
hitherio unknown sugar precluded the preparation of these glycosides,
hence, as an intorim approach, some new glycosides of dihydrostropto-
biosamine were prepared in which the glycoside sarbom of dinydrestreptosc

was involved. 7The recdily available methyl dihydrostreptobiosaminide

hydrochloride was used as starting product,

Methods of Glycoside Synthesis
The first successful glycoside synthesis was described by Michacl

in 1879 3”. 'Petran_q»acewl-ﬁ% =D=glusopyrancsyl chloride (CXX1V)
was treated with the potassium s3lts of a phenol yielding a deacetylated

phonyl glycoside e.g. methylarbutin (CXXV).

Thio method with modern refinements is of valus in the preparaiion
of phenyl glycosides but cannot be used for glycosides of alcohols or

€isaccharide aynthesis.
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O=Acetylglycosyhalides are key compounds inm glycoside synthesia.
A wmethod of wide application first¢ desorided by Koenige and Knorrna
(1901) involved the condensation of an acetyl glycosyl halide with a
substance oontaining a free hydroxyl group, generally in the pressnce
of a heavy metal salt or organic base, though glycosides have been
ohtuiaed. S g yphuil widhonh Mis oasalystd 1y,

The mechanian of the Kgenigs-Knorr regection has bBesn discussed

380

in dotail by Paceu” and Frush and Isb-u’aluhon az in tetra=Q-acetyl-

o(-lbglucopyranoay!. bromide (CXXV1), the Ralogenm and the neighbouring

CH20Ac cHQOAc & sH20AG
ne nl’
MeOH »
§ ——
AcO ‘w A.Qe°3 Ac®
OAc Ao
(CXXV1) {Cxxviy)

C=2 acetoxy group aro cis the halogen is replaced with inversion by o

nogative group from the anvironment - (meshoxyl im this came) = (CRAVAL).
3392

HEosont work favours 81.'.1 subatitution.

n#
B - o 0330
e ~
CH30R ~ ¢ - Odo — e =~ Oho ‘
{cxxex) (CXXVII)

Vhere silver oxide or carbonate are used, the sgquilidrium is
driven to She right by removail of the bromide iom. The organie bace
catalyst (generally quinoline) removes the hydrogem ion.

A much more conplex aystem howsver obtaina in the ecane of trans



orientation of C-2 acetyl and the halogen group of the acetohalogeno

sugar as with the totra~Qeacetyl=Q|-D-mannopyranosyl bromide (CXXV1ll),

CHo0Ae

CHpOAc CHj

(CxxvIII) (cxxIx) (CXxxx)

Ae the halogen departs the nuclsophilic oxygom of the neighbouring
acetyl group attacks the opposite faoe of C=1 to give an orthooster
carbonium ion (CXX1X) which is electron defioient and under the
Koonigs=-Knoxrr basic conditions roaots with aolven$, in this case
methoxzyl, to give stable orthoeatora’al(cxxx) whioch are dissterecisomers
for which full stereoc structures have ndw been assigned on the evidence

382

of mucleaxr magnotio resonance speotra™ . g

CH3 9’ ‘49/0'"-“= oy o——g
{ c pR 033“:"\0__’_-' : ,-7
c- : 2! f . K )no/ o——%-
xbn I RO !B
(GXXVZII) ¥ CXXIX) (CXXX)

A competing reaction i® the roplacemsnt of the halogen withcut
participation of the 2~acetyl group to give tho alkyl glycoside with
inversion but this is a minor product ss the ratc controlling step
the dissociation of the halogen is speeded up by the neighbouring

énoup effoct381°.
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| The Koenigw-Knorr synthesis is ageful for phenyl and alkyl
glycosides an well as in disaccharide synthosis. Anhydrous sclvomss
should de used, a8 water conpoteﬁ in reacting with the glycoasyl
halide to give the free acetyl sugar, Its presencs is therefore
undesirable and "drierite” (finely divided CaSO 4) may be incorporated
%o remove any formed during rsaction,

A limitation of the Koenigo=-Knorr reaction besides the above
orthoester formation isc the difficulty of foraming o{~ linkages.
Hos$ of thoe glycoayl halides are stable in the o ~form as predieted
on conformationsl grounds’ Jand om Walden iuversion the § ~glycosides
aro obtained, The reaction has been used generally for pyrancsides
but ethyl ~galactofuranoside ia reportod‘w4. |

A seooné commom mothod of glycoside formation developed by
llclfertoh385concma the replacemeant of the C=1 acetoxy group of

acetylated aldoses with a phenol in the presencs of an acid catalyst.

Pentam@-acetyle( =D=glucopyranose (CXXX1l) gave the@ w-phenyl glycoside

(cxxx111).
820Ao
\oao
AcO ,
OAc
(CXXII) (CXXXIXII) -

The steric result depends on tho reasction conditions. By propse

chodos of kind and smount of catalyst., temperaturs and reaction tiune
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the reacticn can be made t0 yield either of tho anomeriec phenyl
glycosides as tyo main produot. Zine ohloride catnlyst givos
predominantly the # =anomer whils$ p-tolucmesulphonic acid yields the
‘-gl;coaidonaas.

A mechanism has been discussed by Lonloux387whn suggoented that
the sugar scetate dissociatos to givo earbonium (CXXX11) and scctase
iona, followed by reaction of the carbonium ian with tha phenol

sivinsictructuro (cxxxi1l).

Qe
i a-z H- :;... @ RO—C—E
AR« DR ~ L b—om; o
B € ———
B —?—oao ¢ H~ G- OAc
(Cxxx1I) (Cxxx11I)

The Holferiok reaction is limited to the phenyl glycosides and
there is a scarcity of information conceraing its application o
8lycofurancside synthesis.

The treatmeni of 1,2-anhydro-3,4,6-tri~0=-asetyleD-glucose (Brigl's

)388

anhydrids (CXXX1V) with alcohols gives gluaOpyranosido-,389(cxxxv)

952050
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Lemieuz and his occ-workers have used this reagont for the synshesis of
tteimportant naturally occcurring glycosiden sucroso}go, mltososgl,
and trehaloao”z, by troating Brigl's anhydride with the apprepriate
O=acotyl sugar «l,3,4,6~tetre~O-acetyl-D-fruotose in the case of sucrose.
These uorkurs”salao rationalise the abiuty- of the anhydride to form
¢ - and ﬂ «~D>glucopyranosides on the bdasis of its conformation. The
most probable conformation of Brigl®s anhydride (CXXXV1) has the

-0820Ac group in the axial orientation of a half chair form,

o VYnok
(CXRAVIIL) {CXXXYX) {cxu)

This reacts normally with an alcohol to give the 55 -~glycocidea (CXXXV1l).
The mechanism of the abaoﬁml reaction of the anhydride %o form

&{ =D-glucopyranosides (CXL) is less clears. A possibls route is that
Anvolving participation of the C=% -01120!\0 group In the first stage

of the reaction $hrough (CXXXV1ll) %o yield the 1,2 diasial carboxonium

sion (CXXX1X)e The yields in these syntheses worw vory poor, and the
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roaction cocurse unpredictable. There is a scarcity of information
eoncerning the 1,2 anhydrides of furanoss sugars.

When 2 sugar is alkylated with one equiwvalent of d&imethyl
sulphato and alkali the glycosidice hydroxyl is preferentially
alkylated394. D=lMannose tregted in this mannor gave & mixiture of
o —-and F—mothyl D—mannomanoaidos395whs%ancea not recdily obstained
by the Koenigs—Knorr synthesis due to orthoester formation, Tetra-
g-acotyl-g =Dofructopyranoge treated with silver oxide and methyl
iodide geve methyl- S «D-fractopyranoside teﬁr&-acatato‘a%. This
method is seldom used in alkyl glycoside formation.

Ono of the oldest and simplest msthoda of glyeoside synthesis
introducsd by Fischer (1893)39710301!!0& the treatment of the free
sugar with an alcchol containing hydrogen shloride. Host studies
of this reaction used methanocl vhen meothyl glycosides were formed.
Fischer acscumplished the formation in a sealed tube at 100° 397,
but later workers have modified the mothod refluxing the methamolie
bydrogeon uhlorida398. Cation~exchange catalyeis with methancl ss
solvent”ghas also been introdvced. Hudscm found that, by increasiang
the concensretion 0f acid the method was improvod‘oo. Fischer
later fourd that treatment of glucese with methanolie hydrogon chloride

at poom temperature gave a difforent product whioch he tcrmed Rhe

401., This was shown by Raworthmzto be a mixturo of of -

Y-glycosida
and ﬁ*furanosidas, which frequontly occar as intraciable syrups in

this reaction.
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The Fischer synthesis is of limited applic~tion in glycoside
preparation. It is of waluo only in the formation of glycosides
with the lowest aliphatic alcohols and, bocaise most disaccharidesn
are cleaved by alcoholysis, the reaction is not applicsble to then.
Glucosaminidos are howeover an exception owing to the stability of
the glucosaminide link to alecoholysis. A furthex disadvantage of

this mothod ie that there i3 no way of altering the ratio of of o
£ =snomer in the final equilibrium mixture, also the anomers ars not

easy to soparato386. Hewer methods of separation however, imcluding

4°3=ilieato earth ohromatographyao4

cellulose column chromatography
and gas liguid chronatography4°5(ot methylated derivativos) have led
%o & reappraisal of the Fischer—-glycoside synthesis soc useful for
furanoside formation. The reaction mochaniem has also been $he
subjeot of rocent studies which previously had depended on hydrolytic
rather than synthetioc work.

Fisoher suggostodaola recction course for the synthesin of sugar

406

glycosides expanded by Campbell and Limk~ as followz (CXL1) to (CXL1V)

0= OB

kH f’ o‘d, RO* ,/E
- H= G, = | R
?——-0 QR a b § 0
{ ¥
@-p-om, @edoon, W-geon)  @-g-on, |
EeG e OH chad dad b ! BeC—_ |
! b !  —— > g
Jugar Sugar Acetal o, ~glycoside B —glycoside

(cxLy) (CxLil) (CxL111) (CXL1vV)
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They also suggest the following scheme (PigXIII)for glucose in which
the equilibrium is shiftoed in the direction of pyranoside formation
a2t elevated temperatures.
D-Glucose
5 dry 4eOH/HC1

mtbyl De=glugOee  =—==h . D-slucoaadmothylacetal -=p methyl D-gluco-
pyranosides Qs furanosidse

Fig. XII1%

The work of Levene, Raymond and 11100407

lends support to this
hypothesie by investigation of the relative rastes of methyl furanoaside
and methyl pyranoside formation among varicus monosaccharides, though
each sugar had a different resoticn $ime furanosides formed fTirst

and thereafter pyranoside.

LOVene“n

found that ribose lost its reduoing power more rapidly
than zylose in methanolic hydroger chloride, Ribose is known tb
assune the furancse form with greater ease than the majority of
sugars, indeed it occurs largely in nature as rzbofuranoseaoe.
Glycosidation to the furanosides ocours rapidly when ribose iz Sreated
with methanolic hydrogen chloride and treatment with bonzyl sloochel
containing 1% hydrogser chloride results im formation of bengyl

glycoaides'ms. Campbell and Mnk406

obtained P=galnactosedimethyle
acetal which on treatmont with methanolic hydrogen chloride gave

rapid furanoside formation followed more slowly by pyranoside,
Shafisadoh34431voa a g=meral scheme of glycoside formation and hydrclyeis

supported by the above work. (Pig. XLV).
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The early work of Levono, Raymond and DtlliondoThaa boen
largely vindicated by recent ustudics in which she initial extent of
furanoside formation and the furenosido/pyranoside composition at
equilibrium was more accurately detormined. dowery and Forranto4°4
re-oramined the nothanolysis of galactose using modorn column
chromatographic procsdures for product analycis and found that £ -
anomers formed initially ohanging later to the o{~form. This latter
action scemed more “important®™ than the change of furanoside to
pyranoside. MHothanolynis of D=-mannose was aiso 1nveatigatod‘°9
when it 728 found that ol-anomers predominate at all times and
furinosides change quickly to pyranosidgn.

Bishop and Cooper haveo investigated tho kinctics of the Fischer

methsnolysie'of‘!hxy10694°5 410

s D=arabinosa, Delyxose and D-ribose
arnd since dihydrOStreptoao has been shown to be a branched ochain
I~lyzose with probably s fixed furanoside ring, their findinge are
pertinent to the present study. The produots of the methanolymsis
roaction were analysed a® different tines by gus-liquid chromatograpby
of their fully methylated derivatives. Bichop and his co-work-rs411
state that caution must Be observed whilst interpreting rosultu of

soparations by gas-liquid chromatography im the ocarbohydrate field

nse under the conditions uscd in the technique, & number of changes
oceur, in sagar moleculea including change of sugar ring asisc and

roarrangement of acctal or keotal grours.
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With these limitations &n mind, the rate of reaction data
indicatod thst methanolysis of 8 pentose involves the following
ssquence of reactionss= 1. Pentose —) furanosides 2. Anomerisatiorn
of furanosides. 3}. PFuranosides —jpyranosides. 4. Anomerisation of
pyranosides. Thess reasctions are compotitive dDut it has been possible
%0 establish conditions where a single reaction prodominated‘lo.
Furanosides wore formed first ;the rclative rates of reaction of this
form reflecting the relative conformational stabilities of the
pentafuranosidces.

The fursnoid ring 7as regarded as essentially planar until
recently when nucloar magnetic resonance studiga allowed a specific

conformation to be assigned to D=pibofuranose in nucleotidos“lQ.

Bishop and Cooper propose a conformational system for the ruranoaidesdl‘
The strain on this ring form can be reliasved by slight puckering
brought about by movement of one or two atoms out of the plano.

Fhere only one atom is out of tho plans the E (envelope) form ia

sald to oxist, that with three atoms co-planar by T (twist).

The atoms ou? of plane are indiocated by subscripts or superscripts

to show respectively diesplacement bolow or above the plane of

referencos carbon atoms are given numbers and the ring oxygen by 0.
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. CH,OM
o el \
S
N
ol=D-arabinoside # =D~arabinoside K = oD
: 2
Tg (cxLv) Ep (CXLVI) xyloside T3 (CXLVII)
o :
o He "
&g". '('\:u.eu 2 .
Ny  GF ™M
A= or f-'D . ‘ "
lyzoside 93 {CXL¥III) 53- D = ridbeside «f . p rivoside
E® (CXLIX) g2 (cL)

The preferred conformation is as usual predictabld here the bulkior
groups avoid nom-bonded iatcractions. In the furanoid ring the
effoctive interacticns are thosa BSetwesn eclipsed groupe on adjacont
oarbor atocms and the most favoured conformations will allow maxirmm
staggering. Cenformations with C=1, C=4 or Q=displaced have &
fully or nearly colipsed pair of carbon atoms and should be less:
ptable than those in which C=2 op C~3 are displaced from the plans.

An exzample iz methyi O =D-arabirofuranoside (CXLV) which has all

$rane orientaticn of large substitucnts and the strain is relleved

by mazimunm staggcring afforded by a Tg or 'r"; conformation.
Kothyl D-lyxofuranosidec have eclipsed interactions between C-2 and C-3

as well as C=3 end C~4 substituents, The moleouls should thersfore
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adopt a ?3 conformation, (CXLV111l) whioch provides maximum distances
between O substituents with an ideally staggered form. An

alternative for methyl ¢ =D=lyxofuranoside could be E The

30
preferred conformation of methyl pentafuranosides is given im Table 3,

Eethyl Conformation Hydroxyl intcractions
P=pentafurasnoside »id Total

Arabinose {q rg r§ {CXLY) o (o)
B E, (cxwv1) Celd *o - Cw2 {1)

Riboside {f? ‘B, (cxL3X) R T SR, W (1)
A g’ (cL) Cel--- Cm2, Ca2---Ce3(2)

Xyloside g_ck 'r"; (CxL¥11) C=3----C~4 (1)
A 'r§ (,) (cxLvil) Ce3---- C=4 (1

Lyxoside Lcs. 'r; (Ey) (PKLVILL) [Gm2----Co3, C~3--Cod(2)

-2 'rg " (CXLVI11) |Ced--- Cw2, C=2--C-3
Ce3- "= C=d (3)

Thoso a;%horsqosaad Capon, Loveday and 0vnrand413fail %o
agrae on the form of ring expansion.to pyranosides. Bishop and
Cooper consider that the change cecure without alteration of

eonfiguration, whilst Overend and his colleagues quote evidencs from
the study of ¢ = an_dﬁ =D=glucosides indicative of anomeric change.

Possible intormedintes for the furanoside anomerisation (reaction 2)

and furanoside-ypyranoside conversion (roaction 3) are shown

acoording to Bishop and cooporﬁlo
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o n® Pliz08
ocd 8 A&
i OCH
——m—2 3
(cnz) {cLix) (CLizx)

botk arising from the protonated Turanoside carbonium intermediate
(CLil). The nom-bonded interactions botween the largs eclipsed
groups in the furanosides will bo relieved by ring opening to (CL111)
whilst in (CL1) dissociation a8 Col removes Cel:--. Ce2 interactions
gaed the displacement of C-3 in E3 or E3 sonformation removes
Cw2:vov =3} and Ce3e++-Cw4q interactions. The relative orders of
roaactivity for the four pentcass should therefore bs the same for
reactions 2 and 3 and should depsnd on the strength and numbor of
oclipeed inSorascsions in the furanosides.

The order yroélceod for the propcsed comformations was confirmed
by experimontal data. The most resctive furanoside is lyxzose
vith twe adjacent oclipsed interaoctions followed by xylose with ons
eclipsed intcyaotions invelving the GREOH group, less reactive
riboece with ome interaction, and the slowsst erabinose with no
interagtions,

The anomeric reversion is also piadidtadble — as in lyxose
whero § < ©{ =furanosides inversion is so rapid that no/ff -form

is detcctable at any stage, a situation acoounted for by the extra
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C-1--C~2 interaction instability introduced by @ ~lyxofuranoside,
410

The results foP the pentogos may bs summed up as followsie

Lyxose glves a very unstable F «=furanoside mhich reverts on formation

3

to the slightly morc stableo| «furan ring T

which expands to the
pyranosides of which tho of —anomer is more stable conformationally

and forms rapidly. D-Xylose gives &\ = and ﬁ =fairanoside with almost

2
3

is aided by the C=3-C=4 intecraction. The Xylopyranosides show tha

equal stabtility in T, form. Change from furanoside to pyranoaide ring
slowest rate of anomerisation as there are no axial sahsctituents
prescnt.

'In D=ribose the & =-glycoluranoside is less stable than tha.ﬂ -
a8 it has ona more oclipscd intcraction, the change from furanoid io
pyranocid ie slower though thore is conformational interaction in the
ribofaranoside C+~2 ta C=}. The pyrancsides showed anomalous
behaviodir on confori;ational predictioas thoight to be due to tho
axial C=3 hydroxyl.

In D-arabinose the F—arabinofursnouido with onc eclipsed atow

is loss stable than the & -~ anomer whieh has none, This lack of
eclipsed interactions stabilised the 'ﬁ-furanonido and tha change

from furanoeide to pyrinosido is slower than with the other sugars.

The pyrandsides anomcrise more rapidly 9*3 - to{ - than ribosides.

Tho percent:go compositions at eqailidrium are quoted in Table 9.
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Teble 9o
Sugar CA —Furznoside | f ~Furanoside | cA-Pyranoside | B ~Pyranoside)
| D-Xylose 1.9 302 . 65.1 29.8 ¢é
D=Arabinose 21.5 6.8 24.5 47.2 E
D=Lyxose 1.4 not detectcd 88.3 10.3 ;
D-Ribose 5.2 17.4 11.6 65.8 é
414 .

Browvn and his collocagues

have attomptod to rationalise the

general differences in bohaviour of furanose and pyranose sugars

in torms of the I-strain concept

proposcd by these workers for cyclic carbon systemns.

415

s 8 general stereochemical thecry

I=strain is

that change in interral strain which results from change in cG=-

ordination number of a ring atom involved in a chemical reaction,

In 5, 6= and T~ membered ring systems the cffeot of I~straim is

Ere

not 6o obvious as the angles within the ring/close $o the tetrahedral

anglo (109.5°).

However it is suspeocted that comparatively small

differences in intermal strain can have large offects in rates and

equilibrin

of reactions of these ring compounds.

Thua any

enlargament of the ring carbon angles by nucleophilic substitution

in cyclohexano will cause conformational change, increase non-bonded

H-Herepulpions, decrease the symmstry ard inorease the internal

strain (positive I=strPain).

Theoe reactions of cyclohexane

derivatives requiring a change in covalonoy of any atom from 4 %2 5

or from 4 to 3 ig opposed by I—=strain.

The converse is 2lso trus.
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In the case of S5 and T— membered rings which occuyr with some
strain osused by distortion of the C=C angles, the introducition of an
atom with = preferred 120° angle leads to a decrease of this strain
and I-strain favours such rezations involving change in covalenay
from 5 toc 4 end 4 to 3 and opposer change in coeordination number
from 3 80 4.

Brownal4

suggosts that differences im beshaviocur of furanose and
pyranose forms of sugers may bo explained in Sorme of this postulato.
Oz trecatmont of & sugar which exists in msolution as an equilibriuvm
pizture of ring forme (mostly pyran) with methanolioc hydrogen chloride,
furancside is preferentially formed.

The rate of hydrolysie of l-msathyl-l-chloroayclopensans (CLV1)
is 100 times greater than that of the cyclchexane analogu9414 (CL1V).

This increased rato is expialimed by thoe above concept where formation

of carbonium ioms (CLV1l) and (CLV) respootively with Cwbond angle

c CHy C2 H
CH 1 %. 3 43

(cLiv) {cLv) (CLVI) (CLVII)
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of 120° givas greator stability (less strain) to the five membered
end greetcr strain to the six membered ring. Proesumadbly such a
theory also explains the preferential activity of the five memboresd
furanose sugay form in the initial stages of glycodisation yielding
furanosides. Such a cyclic furanoid carbonium ion is indicated
by Bishop and Oooperdlo(pagell9 )

TRANSGLYCOSYLATION.

The route of glycoside synthesis followed in this work while
almost certainly having the mechanism of solvolysis invelved in the
Fischer synthesis is a form of transglycosylation and a brief mention
of these similar reactions from the literature is made here.

417

Pignan '~ "obaorVves that the alkyl group of the glycoside may be

axchangad if the alkyl group of the solvent alcohol differs from that

of the initial glycoside. In methanol containing hydrogen chloride

othyl @ =D-glucopyranoside gives methyl ¢ -Dwsluoopyranoside419.

Purves and Rudson‘ls

prepared benzyl P-Dmfructomanoside from methyl
Ci=P=fructofarancside with dry benzyl alcohol containing hydrogen
chloride.

b
3aopraparad the msathyl glucopyranoside

Yerron snd hia colloagues
of 2,3,4,58-tosra=0-nothyl=D-glucose and D-gluccse from the phenyl
glucopyranosides a roaction that took place in dry methanolic hydrogen
chloride with predominant invorsion. They givo tho formation of a
pyranoid carbonivm ion as intormediate (Scheme A page 8% ) as

already outlined urder hydrolysis of glycosides. Faranoside formation
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appears to be aveided with this recaction,

Bolaseq to tho mathanolysis action in glycoaside formation is
moreaptolysis troatment of sugarz with ethane thiol (ethyl mecreaptan).
Phis raridly yilelds from an aldose sugar the diethyl marceaptal
(CLV111) from which thioglycosides (CL1X), glycosides (CLX), acetsls

(CLX1) and mixed avetals (CLX1l) may bes preparad by desulphuration

with mercuric chloride and appropriate treatmens 109419
SEt
cZ |
' (CLIX)
/ .
. 0
- <R (c1x)
SEt ,
e . B = Alkyl.
l"“‘SEt i
(cLviix) 6L op (CLKI)

R !

o OBt  (cixiz)
|\\OR

420

Breon and Pecoan’ notod shat glucose and galacstose diedhylmercaptal

treated with m eshanolic solution of mercurio chloride im the presaenns
of excoss mersuric oxide (to nsutralise auny acid formed) geve the
ﬁ-etbyl glycofurancside. In the case of glucose tha o =thiogiveoside

could aiso be obtained. The ;g-propyl and ,ﬁshanzvl galactofurancscides
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5 421
wore also oblained from thls reaction a
—~ In the caso of rhamnose diethyl merospytal, treatmont with methyl
alcohol in the presenco of marcuric salts gave some dimethyl soeta1422
though it is considered to be a by~product.
Pacsu and Gmn42200nai.dorod that during alkylglycoside formaticn
from the acyclkic mercaptal a mixed acotal with one slkyloxy and

one thicethyl group was an intermediete (CL 1I).

-~ o8
! <Et ’ {Bc "I 6y
| Tsst a | J s l f
(cLx1I) (cLX)
teolfromd'?}and his colleaguos tested thie theory by proparation

of the mixoed acetals of glucose and galactose and observaed the
follawing. P=glucose diethyl merecaptal with mothancl and mercurio
chloride at room tomperaturo gave ethyle! =thio=D=-glucofaranoside.
The S—ethyl=0C-methylmonothiocacetal gave methyl ,5 =glucofuranoside
irdicating that the mixed acetal is not an intormsdiate in this
rorction.

D-golactose mixed acetal with mercuric 'chlortde in ethanol
gave othyl fgmnogalactaturanoside Degalactoso diethyl mercaptal

gave the same product indicating thet the mixed acetal is in this

case an intormediszte.
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Polkers272 and his co-workers as provicusly reportod applied
the mercaptolysie reastion first used bdy Fischar424. to streptomycin
the streptidine was replsced in the streptobiosamine moiety with
a thiosthoxyl group = & caso of itransglycosyletion under Fischer
conditions. The free aldehyde of sireptose formed a thioacetal
the product being ethylthiostreptobicsaninide dithicacetal hydrochlorid:
(LxvC) (page 58).

These workers also found that trecaitment of methyl streptobioe
saminide dimethylacetal with ethyl mercaptan containing hydrogen
chloride gave the above product by %Sransglycosylation.

Hpthyl dihydrostreptobiosaninide also undergoes this reaction
to yield the ol - and 8 -thioglycoside ethylshiodihydrostreptobiosaminide
hydrochlorides (LXVb)244 separated as the tetra=acetyl derivatives,

Structural studies of manmnosidostreptomycin have also utilised
this reaction, Treatment of this streptomycin derivative with
ethyl mercaptan containing hydrogen chloride was shown t0 give
othylthiostreptobiosaminide dithicacetal and two etbylthiomannosidoaz77g
products which led Fried and Walz425 to apply mercaptolysis to the
simple mannosides o| and pdotbyl mangopyrenoside treated with
othyl mercaptan containing hydrogen chloride for eighteen hours gave
ethyl }»thio—ﬂ«lbmannomrranoaide characterised as tho totra=ascetyl
derivative. Botter ylolde were obtained with D-omannoge as starting
product, the mannoce dlethyl mercaptal (dithioacetal) being an

intermsdiate.
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it was notoed that Dogaloctose gave a eimilar glycoside but
L=~arabinogae gave 2%s dithioacotal indicating that sterie factors
ar; important in this replaoement425.

Sgnthesie of Dihydvostreptobiosaming Qgggosideso

Fhe anomeric benzyl glycocsides were first preparod by condensing
the methyl dihyhrostreptobiosaminido with benzyl alcoheol containimg
2.5 8 hydrogen chleride foxr 48 hours at 45°.' conaentration.of the
reaction mixturo gave corystals @.po 220°. The mother liqiors wero
reducsd to dryness, triturated with othor to remove traasos of bonzyl
alechol, leaving 8 lower mol$ing vory hycroscopie solid.

A second preparation of the bon:yl glyéoside nwhich has boacoms
the model for the remsinder .of the sorien, utilised other precinitation
to give tho predust and, after Iriturgtion with other, the dygroscopic
aolid was rapregipitated fyom dry etdonol and dry ethor,

The stroaeopieity of these glycosidea ie probadly atiributadle
$0 adhercnt tracee of hydrogen chloride. A similap Siffionlty wasa

4033in the preparation of galactose,

roported by Augestad and Berner
arabinoae'and xylose msthyl furanmosides by theirxscher syathesia.

. Three glyconides, baazyl, 2-bromocthyl and phenyl obteined in
this way in reasonabdle yield wero reozsonably stable, Proeliminary

experiments indicate that oyclokexyl, m=criuyl aad andsyl glyccsides

micht bo obtained if the hydrogen chlozxide could be removcd.
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Polarimetris readings ahowad'slight cvhange from methyl
dihydrostrcptobiosaminide. The benzyl clycoside gave arn absorption
maxioum at 260 3p charnoteriutic of the aromatic ring. InZrerecd
analysis for the phsnyl and benzyl group showed absorption maxima

in tho 650 to B850 cm >

region indicative of the prasenco of aromatic
ETroups.

In preparing glycosides from methyl dihydrostroptobiosaminido
‘hydrochlcride it would have been advantagsous to prepare the acetyl
glycosyl helide as a sftarting product dbut mo little was known of
thoe properties oY such s product that instead of the wusual Koenige-
Enorr glycoside synthosis, the modified Fisoher method was chosen.
The disadvantages of this method lmize already been oited bBut, after
scmo neglect, it is rogaining popularity for furanoside synthesis,

34oconsider- the carbonivm 16:: to bave besn formed in

Vornon
the methanolysisc of phenyl of -~ and ﬂ ~glucopyranoside. Considering
dihydrostreptose as it occurs in dibydrostrevntobiosamine (S5-deoxy=
3=C~hydroxymethyl=L=lyxose) it would seem thad on solvolysie it

would form & furanoid carbonium iom (CLX1l1l) intormediato.

Di &
hydrostrep H
~tobiomamine CHjy

:
Ci
(GLXiiI) (cLx1v)

R = A=ilethyl-l~glucoaanine
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Thizs would react with sho solwent in large exoese with inversion
giviag the transiont /¥ ~glycoside (CLX1V) which would anomerise
in the prosence of tho acid eatalyst to the more conformationmally
stable &{~ancmer (CLXV).

othyl dihydrosireptobiosaminide hydrochloride occcurs aa an
apomeric mixturs which has not boen resolved. The penta~acetatos
bave however been soparated $o show a coaposition 90% O{ and 10‘6;& o
Theso results,confirmed in this work, indicated that the o =l-
lyxofuranoside predominates. The 1'2 conformation (CLXV) seoemod

3
the most likely explamation for this fact. The :E’_u~anomer (crxv)

“5

HO— RN

(cixv) F

veuld entall extra strain on the system whish cannot form a
pyranoside ring owing to the C-methyl group on C-4.

The mechanism of this transglycosylation which has beon ocutlined
18 of course only tentative but comsidered as a solvolysis with
the equilidrium favouring aglycone reoplacement and oonfermational
considerations favouring the o ~anomar, it would sesm feasible,
Popez chromatography indicates that probably somse p? =>anoper oceurs
but the [_c,{]’ results ars all near thas of 0| =mothyl penta—acetyle
dshydrostreptoblonaninide{=117Y/ rather than the # —ancmer{=} 4%246,.

{Table 9).
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The case of Yormatiop of these glycosides ie consisltent with

the furanoid ring in dihydrostreptose rather than structure (XXXiX).
Q\\/PR
o
|

l #=<C = COH

—_Nf_i - OH

B0==? = H

CK3
(XXX1X)

Pable 9. ) )
Glysoside [
Hethyl dihydroatreptoblosaminide hydrochloride =32%
Benzyl -110‘
2-Bromoe thyl =400
Phenyl _ } ;33§j

Appendix IX, p.173 discusses the n.m.r. spectrs of some

dihydrostreptobiosaminide derivatives which eppear te support

the anomeric configurationa assirmed by ¥Welfrom to

streptomycint7aon the basis of Melocular Rotation Studies.
2e=Bromoethyl and phenyl dihydrostreptobiosaminide

have been sent for teeting mguinst Mycobacterium tuberculosis

but the results are not yvyet availeble.
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EXPERTMENTAL

Haterials

nihydrostroptpmycin sulphate and streptomyecin sulphate, was
supplied by Glaxo-laboratories from a non-storile, freeze-dried
batch.

Pyridine was dried by refluxing over potassium hydroxide and
distilling.

Aocetic anhydride was redistilled,’ the early and late runnings
being discarded.

Silver carbonate was prepared as required by reaction of
gsilver nitrate and sodium carbonate, the product being filtered
and thoroughly washed.

Papor Chromatography

Paper chromatographic separations were affeoted by the
desconding wethod on Whatman He. 1. paper, unless otherwise reported,
the chromatograms being developed for 16 to 25 hours with the
organic phaso of one o2 the following molvento systems. (All
solvents wero redistilled oxcopt when fresh AnalaR or other special
reagents for chromatography were aYvailable),

(2) p-butanol « cthanol = watars 48135,

(b) n~butanol ~ glacial acetic aocid -~ waters 43115,

(e¢) n=butanocl = pyridine - waters 4323 ).
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AfGer irrigation the chromatograms were dried and treated
cona of the follewing reageonte.
1. Anilino hydrogen phthalate (Parsridge 1949)428for redueing
SUZRTBe
2. Minhydrin (Coneden, Cordon and Harsin 1945)429for compound s
cscataining primary or sacondsary amino groups,
3. Silver nitrate (Frevelyan, Proctor and Harrison 1950)ﬁ30
for carbohydrates.
Yhe papevgrauns wore firel moistensd with & solutien of silvaer
nitrate in acetone and sllowsed e dry st room Semporature.
Spraying with etharolic scdium hydrozide then brought up
reducing and nos~veducing cerbohydrates as black spots. These
were fixed by soaking the papers ir sodiuvm thiosulphate
selutica (20%) followed By thoroush weshing $n water.
4. Seodiuvz metaporicdate im alkalino percanganate (Lemieux
and Bauer 1952)431tor glyecocides, These show up as
yelliew-brosn spots when ths reagent 18 washed off afler
30 to 45 mimites comtaoct.
Papergraus sprayed with snilins hydrogen phthalate or ninhydrim
wore hosted GE 100 $o 110° for 5 to 15 minutes for colour

dovelornent.
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Thin er Chromatogra
The thin layer chromatogrophy apparatus used was manufachured
by Carag Ltd. Silica gel G. by Herck was spread on the plataes

4320 All seolventa

ia a slerry and activated for 4 hours at 110°
wsed were serupulously dried. Rethanol was used sxcept wherae
otherwiss noted, Spota were detocted by spraying with 5$‘33, or

concentrated sulphurie aoid‘34

s which gave dark brown spots, or
by B.D.H. acrosol with 0.25%0 ninhydrim in m=butanol for amino
sugars which give pink to Uiolet epots. Results were resorded
by photocopy where nsocsssary though ‘P values against a standard
were reproducible for gqualitative purposes.,

Paper Electrophorasis

Pepor dorophoreotic shalysis was carricd out using strips of

Phntman He. 3 peper (57 = 11 em) snd a recomstruction of the

52)435. A potentizl gradient X

apparatus doscribed by Fosser (19
approximately 16 to 22 wolts per < was usually spplied for 1 to
3 hours using 0.24 scedale bBuffer pH %5 (19z. socdium acciate

trihydeate and 3.88. acetic mcid per litre) as eleotrolyte.

Starting Productas

Dihydrostraptomyoin $trihydeochloride
Dihydrostreptonycin trihydrochloride was prepsrad from dihydre—

strsptomycin sulphaste (10g.) by ireatmant with barium chloride (4.35g.}

in squecus solutior (30Cal). The precipitated dbarium suiphate was
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Cilteresd off amdl the Tiltrste sovaporated to dryness in vecue at
SOG s The residue after avaporation, dried over caloium chloride
and in high vacuunm &% 100° over P205, roprogsented essgntially pure

dihydrostreptomyoin trihydrochlaride (6.183.) 61<).

g- and ﬁ\-l!etl_lll' dihydrostreptobiosaminide hydrochleride

(a) Preparation after Fried and linternteinerzﬁ.

Dihydrostreptomycin sulphate (10g.) which had been dried for
3 hours in 2 high veenum pistol over phosphorus pentoxide at 100’ 9
was dissclved in N methanolic hydrogen chloride (192ml) and the
solution was kopt at room temperature for 48 hours. Dry ether
{400m1) wae addsd et the end of this time precipitating streptidine
kydrochloride (5.458.) which was flltered off as a white hygroscopic
s0lid and formed a dipicrase, m.p. 283° (1it.2%7 284.285°).

The mothanol - sther filtraﬁa wag concentratod ip vaeuo to
sm2ll volume (25=30ml), shakes and lefé at O = 5° for 2 hours.
The pale yolisw o0ily precipitato was ssparated from the methanol «
ethor solusion by decantation, washed wAth dry ether (2 z 5% ml)
and dried in vacue over salciul chleride and potassium hydroxide
(4 - % days). The hygroscopisc solid obtsived was a mixture of tho

ancseric methyl dihydrostroptobiosaminide hydroohlozides (4. 883q)92c 5%)
[?CE?«JE@P (e. 1% methanel), (Pried and Wintersteinor give

@];5613’50)2570 molecular weighé (potenticmetrie) 380 requires 389,
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Pounds Cy 42,63 H, T-0; M, 3.5. Celculated for 01452?N09301
Co 43,123 H, 725 M, 3.64.

hethanclysis of dihydrostrsptomycin trihydrochloride under the
seme conditions gave similar yislds,.
(®) Preparation after Bartg, Countrouls, Crooks and nebstockzss.

Dihydrostreptomycoin sulphate (2g.) was treated with ¥ methanelie
hydrogoen chloride (122m1) for 72 hecurs at room temperaturs.
Anhydrous ethes (250ml) was added and 8he pracipitated etreptidine
hydrochloride cehteifuged. The aupernstant solution was noutralisad
with 10f methanoliec sodium hydroxide, the scdium chlorids remowed,
and the sclution evaporated to dryness under rediced pressure.
The white roeidue was dissolved in dey ethanol (10ml) any insoluble
satorial filterud off and again evaporaied to dryness under rcduasd
pressurs below 5009 The yollewish~white solid remaining (0.84g.. 86%)
vas an snomoric minture of mevthyl dihydrostreptcbisasminidos
&, ~110% mp. 220%
Hothyl E-{2,4=dinitrophenyl)=dihydrestreptoblosaninide

[ (1=Q-meshyl=a{ ( @ )=3=C~hydroxymethyl-5=deoxy-L-iyzofuranosiyl ~

(4 -1 )=0~ § =2-deoxy=2=f~(2,4=~dini trophenyl )~H-methylamino=l=

gluoopyranoaidé!,



(2) Hethyl dihydrostroptodiosaminide hydrochloride (0.84g.)

and sodium Dicarbonnte (0.42g8., 2 mol) wore disaolved in 50% aquecus
ethanol {(25ml). 2,4=Dinitroflunpodbonzene (0.46g.) was added

and the mixture shaken at room temperature for twoe houra,
Concontration of the yellow opalescent solution to drynesa at pH 9
and at 500 in vacuo gave & sticky orange=yellew residue. Sodium
chloride and scdium fluoride were removed by dissolving the reaiduc
first in dry mothancl (10ml), filtering, romoving tho solvent under
reducsed precssure and then treasing in a like marner with dry ethanol,
The residue vas dissolved in distilled water (Ca. 5ml) end extrasted
with othor (5al). The souecus solution wam evaporated to dryncss
undor reduced pressurs as 50°, dried in vaguo (caCIZ) end redissolved
i mepropsncly Iascluble matter was filtered off and after several
daye at O = 50 when orystals £ailed to form the propamol solutian
was evaporated $o drymose in vacue at 50° to yield a hygroascopio,
brovn -~ orange, smorphous brittle solid (0,538., 42%) gradually
molting botusen $0 = 100° (hot stage).

Pouads Hg 8.43 014§2901333 requires E, 8.1%,

(b) 1I= e eeocond experiment afSer condensatior of $he methyl
dihydrostreptobioseninide hydrochloride (0.951ig.) with 2,4=dinitro-
fluorobenzens {0.28g.) as sbove, the reaction mizxture was
coneensrated at SOQ under roduoed pressure. Yator (Sml) was addod

¢o the sticky orangc rosidus and extracted with denzene (3 x Jmd)
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and ether (Sml.), and the aqueous phase evaporated to dryness as
bafore. The residue was dissolved in dry n=propancl, the solution
left overnight, filtered to remove inorganic salts, concentrated
to dryness and redissolved in sthanol (repeated thrice), to give
mothyl‘gf(2,4=d1nitroyhsny1)ndihydroatroptobiosaminido as & yellow,
hygroscopic solid (0.448., 60.3%) m.p. 150-170%.
Founds C,43.93 H, 5.T3 N, Te53 02032993013 requires
C, 43.23 H, 6.0;3 H, T.6%.

The above experiment was repeated using meihyl dihydrostrepto=
bilosaminide sulphate (0.42g.) and ylelded methyl H-DNP-dihydrostreptf-
Aovamimtdo dihydrate (0.2g., 34%) m.p. 160°.
Founds N, 7.8% 02082983013.2nnp requires M, 7.5%

Paper ohromatograms (ascending) of this material uasing butanole
acetic acid-water, gave a fast rumning spot Rp 0.9 with a long_tail.

2=Deoxy=~2=8-(2,4 dinitrophenyl)-D=glacosamine was prepared by a

wodification of the method of Kent372,

D=glucosanine (0.53{) was treated in alkaline solution with
2,4~dinitrofluorobengene (0.43g8.) for 2 hours at 50°, After
conoentration to small volume (10ml.) under redaced prossure the
reaction mixture was chaken with benszene (12 x Sml.) and ether

(3 x Sml.) and the aqueous extruct evaporated in vagie. The residue
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was dviod iv a vecuum desiecator ( Caclg,KOH) leaving an orango -
yolliow solid (0.3248., 42F) mopo 168" (Kont”zgivcs 1867=169°%, Annigson
Semos and Horgae3Pgive 202-204° and Wang-Tu 2060 E§¥$§° 350)
(¢ 14 ethanol). i
Pound: B, 11.85. Calouiated for 012!115!309, ¥, 12.2%,

10 30426-Tetra=O=g00tyl=2=daoxy=b=( 2, 4=dini trophenyl) D~

glucopyrancsa.

B2, d-dinitropbenyloD-glucosamine (0.28.) was dissolved in
pyridine (10mi) and acetic anhydride (10ml) and left for 2% days a2
room Semporasure amni the solvenis remeuasd wader higk vacuum at 50“
to leave an orsngd - bdrown residue. Rsorystallisation from
ehlorefora = ethor aad a-propancl guve tetra=E-acetyl-2,4-dinitre-
phenyl-Doglucosamine as an oraage-rad volid wmp. 1960 E]j"*‘iaz"
(co 1% ehloroform).

(Kent gave m.pld 161° @lf‘%zz' 352, Wang Yo gave m.po 214=5"
[?(:L:iiz° 0 |
Pounds H, 7.9. Ceioulated for 020H23§3012.' B, 8,24,

ﬁotgi)l_ Ie-a_ootgldiydrosﬁmeptebiosmmgg

{a) Masthyl dibhydroetrepiobiosaminide hydroéhloride (25,) was
dispolved im distilled water (92ml) and wmethanol {(10ml), otirred
for 90 mimates at 0 = SGC with De~acidite FF carbonate foram (108mi)
and postic snhydride (Z2.4ml). The mixturs was filtered and the

filtrats and wechings passed down a column of Amberlite IR 120 (H+ Loruw
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(18.4ml). The colourless effluent and washings w»ere fresse~dried
yiolding an off-white residuo (0.42g., 20%) nm.p. 1900 which gave
white crystals of methyl Heacetyldihvdrostreptobiosapinide (0.14g.)
from 90% aqueocus othanol IE{;E? 124° (e. 14, methanol).
Founds N, 3.2% 0163291!010 roquires N, 3.54%.

The Amberlite IR 120 was washed with 0, 3N hydrochloric acid
(1 1itre) and distilled wator (500ml); the acid solution and
washings wero neutralised with 10% di-n-octylmethylamine im chlorofcrm
when siarting product (1.5g.) was recovered by freese-drying.
(b)asglothyl dibhydrostreptobiosaminide hydrochloride (4g.) was
dissolved in dry methanol (40ml) which contained sodium (0.23g.).
Tho sedium chloride which formed was centrifuged and acctic anhydride
(1o3mies 1.5 equivalents) was added to the supernatant solution
at room teuperature. After shaking for one hour the solvonte
were roumoved undexr reducsd pressurc below 45. to yield a oreamy white
residue which wes dissolved in dry ethanol. The Sodium chloride was
removed by filtration and the solution again evaporated to dryness
undor wvacuum, to yteld a produoct whioch differed from the ctarting
matorial ae shown by @ slight shift in the infrared absorption
speotrum,.

The product wae dissolved in ¢lstilled.vater (50m1l) and paased
down & columa (1 x 12%) of Zeo Kard 225 (H? form), the eluate was

scllectad in Sml fracstions on a frasection eutter and each fraction
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spotted out on a papergram and developed overnighé. The rPcsultant
‘chromatograms showed that fractions 4 to 12 had sugar residues
present but gave four distinct spots R? range 0.0% to 0.5. These
fractions were mixed and oconcentrated to yield a light tan residue
{1.2g.) which appeared neutral on elecotrophoresis.

Thie materisl was passed down a cellulose powder columm (1 x 87)
irrigated with nebutanol — acetic acid <~ water, (4sl:15), and Sml
fractions wers collecied and examined on papergrams, Fractione 4
and 5 contained a fast moving fraction (Rr 0.7) which after evaporation
gave a charred residue (100mg ..) of uncharaoterised material.
Fractions 7 and 8 contained a residue (BP 0.4, 200mg .) m.p. 150-160"
vhich failed to give a satisfactory analysis for methyl N-acetyle
dihydrostreptobicesaminide.

(c) Meshyl dihydrostreptobiosaminide hydrochloride (2..) was

passed down & column of Amberlite IRA 400 (Oﬁ_form). The base was
eluted with distilled water (1 1itre) and the oluaste conceatrated

to small volume om & rotary film evaporator at 40° , Ethanol (10el)
was added and the solution evaporated to drynesse t¢ give the colourless
bass (1.3g, T1.7%) m.p. 230° |

Thio base (lg.) was dissoived in dry pyridine (10ml) and acetie
anhydride (0,3g.) and heating continued at 45° for 48 hours or until
the ninhydrin spot teut was negotive. When the ninhydrin test was

extinguished the solvents were reomoved in high vacuum a$ 25 %o 30o °
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The residue was troated with ehlorofosm, and the chloroform—-scluble
matter removed. The major portion remaining was redissolvod in
dry othanoi (10m1l) 2nd evaporated to drynsss at 40° in a rotary
film evaporator, and finally dried in _vacuo over concentrated
sulphuric acid. Extensive fractionation with dry ether to remove

trasos of pyridine lef¢ methyl N-acetyldihydrostreptobiosaminide

as a light tan hygroscopie solid (0.83g., T4%) m.p. 170° E)\J's =12%
(c. 1%, water). ’
Founds Cs 47.93 H, 6,93 A, 3.5% chKEQNOIO requires
C, 48,63 H, T.45 H, 3.%%.

The material was noutral but gave two spots on papergrana,
Dodeca=acetyldihydrostreptonyecin

Dihydrostreptomycin sulphate (10.18g.) was dried in vacue al
100° (ons) and acetylated first with acetic anhydride, pyridinme and
fused sodium acetate in methawol for 24 hours, at room temporaturs,
then after removal of solvents, with pyridine and acetic anhydride
for T4 hours at room temperature and 5 hours at 45°. The white
80lid obtained by pouring the acetylation mixture on ice and sxtracting
with chloroform was redissolved in benvenoe and precipitatcd with
light potroloum (¥b.p. 80-1000).gava dodeca=acetyldihydrostreptosyoin
(11.8g., 764) n.pe 150°[E{I;L70° (c. i, chloroform) as a creamy white
solid (411213592 gives m.p. 152-155° -67°).E(];O
Pounds C, 48.5; H, 6.8y N, 8.4s5 Calculated for C45H64H?024
C, 48.1y H, 6.2;3 N, B.T7%.
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i-Acetyldihvdrestroptomyocin
Dodecs—acetyldihydrostreptomyein (9.76g.) was de=O-acotylated

using dry methanoiic mont}a‘im’ to yield _!-acetylguhydgo-treptmm

(5.248. 92.5%) m.p. 180° (decomp.) with sintering at 80° qﬂ ~80°

(0. 2%, water).

Founds ©C, 41.95s Hy, 7.T75 N, 14.7. Calculated for 023843310131é320
C, 42.45 H, T.13 N, 15.0%.

(d) Meshyl Meacetyldihydrostreptobiosaminide
E-Aeotyldihydrostreptomyoin (1.2g.) was dried at 100" over
phosphorus peatoxide for 2 hours, dissolved in H moshanolic hydrogen
chloride (61ml) and kept at 17° for 3 days. Anhydrous ether (122s1)

vas added and the proéipitated streptidinme dihydroochloride raomoved
by filtration. The filtrate was neutralised with 107 methanolie
godium hydroxide, scdium chloride filtered off and the flltrate
ccncentratad 8o drynoss at 40° under reducsd pressare. The residue
was dissolved repecatedly in dry ethanol and the sodium chloride
filtered off. A yellow product (400mg .) wase obtained m.p. 165-170°

Ekl;q.9120° {e. 2%, water).

A~ snd £ -Methyl penta~scetyldihydrostreptabiosaminide
Moethyl dihydrostreptobiosaminide hydroohloride (2.53g.) aried

in vacus over pkhoasphorus pentoxide at 60° was diseclved in dry

methanol (25=1) amd pyridine (T.5ml). Acetie amhydride (12.5m1)
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was added with constant stirring over 50 minutes. Fused sodium
acctate (1.358.) was added and stirring continuod over 24 hours.
The mixture was filtered and the filtrate concentrated in vacuo
below 500, to a semiepolid mass which was fractionated and washed
with other. This mass was furthor %reated with pyridine (2%ml) and
acetic esnhydride (25ml) for 44 houra at room temperature and heated
lat 50° for 4 hours, filtered and the filtrate pourcd an to orushed
ico {190g.). The agueous esolution was axtracted with chloroform
(5 x 10ml) and tho chlorofora extract evaporated t¢ dryness at 50°
upder reduced pressura. The syrupy mass on fractionmation with
crushed ice (40g.) gave an agqueocus solution which was extracted
with ckloroferm. the chloroform dried (caclz) and evaporated under
reduced prascsuro %o & brown solid mass which romained unchanged on
treatment with benzone-petroleum ether (d.p. 80-1008) to yielf a
light brown powder, which om dryiiy over phomsphorus pentoxide im wacuo
gave & white powder (1.28g.) mepo 125 ; m;? =105° {(¢. 1%, chlorofors)
en amorphous mixture of anomeric methyl panta-acetyldihydrostrepto~
biosaminides,
Foumds N, 3.1. Cslculated for 024531l013 B, 2.%%.

C\alothi;;Epneannootzldlgl!roatreptobioaaminidoz44
The mixture of ¢} = and @-aethyl penta=acotyldibydrostreptc~

biosaminide (2.4g.) was bolled with 2002l dry ether for 2 minutes.

The other imsoluble material was crystellised from chloroforme-ether
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Fielding O( «mathyl psnta~acetyldihydrostreptobicsaminide (1.86g.)
BePe 175° @1’-116.5" (¢. 1%, chloroform) which on recrystallisa-
tion from dry ethanol gave needlas meps 190° (Brink, Kuehl, Flynmn
and Polkers give m.p. 198° |l BN 110)2“
Yound: ¥, 2.7. Calculated for C,H.NO,, N, 2.5%.
£ ~Mothyl pente-acstyldihrdrostreptobiosaminide

This other soluble materiel from the mixture of ¢y = and £ -methyl
pent‘.anaeatyldlb,rdrostroﬁtobtoamddo gave crystals (0.25g.)
. o 150"'j:cl(;l.‘f’-'36° (6. 1%, ohloroform) on addition of light
pstroleus and recrystalliieaticn from dry methanol (Brink, Kuehl,
Flynn end Folkers gave m.pe. 155.5-151.50) &]1,8-:34. (c. 1%, chlorotg%;«.
Hethyl l-:n_uk&&droutrogt&btoomudo
(s) O =Methyl pents=acetyldihydrostroptobicsaminide (1.38g.) was
dissolved in dry methanol (15ml) which had deen rreviously boiled
and gooled., DFy ammonio was passed into the sclutiom at 0° vhen
the oleay solution became siraw coloured. The ammonia saturatsd
solution was left for 24 bhours at room temperature, tho undissolved
saterial contrifuged and $he supsranatant evaporated to dryness
at room tomporature under reduced pressure. The residus was
vashod with chloroform but ac 1%t fleated on top aa a ayrup, Sho
chloroform was extracted with water and the aqueous layer evaporated
to drynescs at 45° in vacuo to yield a white s0lid which was

dried in vacio (P,‘,Os) overnights The residue wvas redissolvad
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in dry ethenol (2.3)ml) and precipitated with dry ether (50ml) as
a white hygrosecopiao solid, This procedure twice repeated baefore
deying in vacio (1’205) afforded methyl Beacetyldihydrostreptobios-
eminide as a colcuikless sclid m.p. 1450. W)m-l2§° (0. 1% methanol)
Founds K, 3.953 B, 3.7% Cy6HpgB0)g Tequires N, 3.5%.
1.3e456=Tetre~0-acetyle2-Nmethylacetanidor2-deoxy=0| ~D-glucopyransss
(Penta=scetyl-N-pethyl-Q\=D-glucosamine

Q| =D-Glucosamine hydrochlorido (10g.) was treated with dimethyl
sulphate (Sml) in alkaline solution (N sodiusm hydroxide 50ml) for
half an hour. After Femoval of the solvents under reduced pressurs,
the ethanol soluble material was acetylated with myridine (50ml) and
acetic anhydride (50al) at 0° for 4 days. Reoryatallisation of
the erude product (4.58.) 2lternatoly from dry methanol (3 times)
and dry chlorofora/dry ether (3 times) gave white ncedles (1.8g.)
of ponta~acetylef-aethyl-0 =D-glucosaminoe m.p. 156=157° [ ]2 ~100°
(c. 1f, ohloroform). (Kunehl, Plyan, Hully, Mozingo and Folkors

e 260b

—— as’ .
found m.po 160.-5-=l.61.§')‘a Ig(l_p =101 s (Yolfrom, Thompson and

Hooper 158.5-159.5° Eo&fma‘ —_—
2=B-Nethylacetamido=2-decxy=A =D=-glucopyranosg (N-Acctyl-be-gethvi-

o =D=glucosasine jR600

Penta~a00tyl~B=mothsl~O=Deglucosamine (1l.7g.) waa dissolved

in dry methanol (40ml) which had been previously boiled and cooled.
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The solution was saturated with ammonia at O° » when the solution
turned brown, and left at room temperature for 24 hours. The
methanol and ammonia were evaporatcd in vacuo at room temperature
and the dark brown syrupy residue washed with dry dhlproform.
The chloroform insoluﬁie residie was dissolved im mcthanol (10ml)
and added to dry othcr (75ml) when a light brown hygroscopic
precipitate depositcd (0.8g., 8035).

Recrystallisation several tines frou methanol-ecther and once
from dry cthanol gave orystals of wWemethyl=D-glucosumine m.p. 162°

E%]:i'j“o (c. 0s5, water).

Founds R, 5.4. Caleculated for CglllTNOIO, 5. 5.95ﬁ0

(For i~isomor Kuehl ct al reports m.p. 165=166° EL_Z:— -51° 26°b.
(0- 0.4, Qatﬁr)o

gmothxlulno-z-doogog =Drglucopyranose. (s=MesthyleD-glucosamine

\ hydrochloride).

X

260bwit

Ponta-acetyl-!«nnathyl-q -D=glucosanine (0.36g.) was troatead h

2,5¢ hydrochloric acid yielding NemethyleD=glucosamine hydrochloride

(85mgm.) m.p. 160-161°%5 (Kuehl ot a12°®raports m.p. 164~166°,

o 261b).

2-hl=ethylamino-2~-deoxy=-0 -L~glucopyrinose hydrochloride. (M=pethyl-

Wolfrom, Thompson and Hooper 160=162

I—glucosaninchydrochloride), was prepared by degr:dstion of

stroptomycin sulphate (5g8.) as white erystals ma.p. 160-162°, ‘
[qf =100° initial (c. 0.5, ia watcr) (Kuehl ot al found m.p. 160-163°
BJ?-IOB" 88° (c. 0.61, in water)?GOb
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2 DoORy=2=Ne{ 2o fodind tropheny] J=2~ns thy lani no-D-glucopyranose

(Ne=(2,4~d)ni trophenyl e N-yEthg L= D-glucostming -

Nedethyl=D-gilacosanine (0«398.) was trested with 2.4-dinitroflaoyc-
benzone as described (pago 137) for the proparation of MNe(?,d-

dinitrophenyl )=Deglucesanine. , el2,4=-Pinitrophenyl )elonsthrl=D

glugosamine was obtainea as an orange=-yellow solid (0.2g., 40%).

m.pe 105~110°%; Eﬂé’ 7.3 (o. 1, methancl),

Founds Ce 43:12 H, .45 N, 11:8} 013B178309 roquires
c’ 43-55 Hg 4.53 H’ 1107%‘

Acid Hydrolysis of Hothyl N¥~{2,4-dinitrophenyll=dibydrostreptobiosaminic

Methyl He(2,4-dinitrophenyl}~dibkydrostreptoblioseminide (0.5g.)
was diesolved in N hydrochloric acid containing 507 methanol. An
snitial volarimeter recading was observed and the solution stirred
ander reflux, Every 12 hours the solution was examined for evideacs
of w/drolysis by mezns of the Fehlings test, polarimeter readings and
paper chromatography and 3he acid a’trength was increased by 0.5y every
48 hours until t;hanges were oObgerved. The first evidencs of hydrolysic
was obe'erved when ths Fehlinge tost gave a slight positive after
6 hours with 2N acid. The papergrams then exhibited threc spots
bat the polarimetor value was not obtained due to turbidity. After
48 hours with 2,58 hydrochloric acid, separaticn of the preoducts of
hydrnlysis was attemptod after preliminary examination by paper

chroma fograrhy and paper electropheresis,
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Papez cmweom Iin the mebutanoleacetic acid-wator solvent
dovoloped with the silver nitrata reagent, the following spots
wero identifisds= R, 0.9 methyl N-(2,4~dinitrophenyl)~dihydrostraptos
biosaminids, !ﬁ, 0.195 Memethyl-leglucosanine and two unknown spots

R? 0.3 and 0.55 to 0.6,

Fapor slectrophoresis In the acetate buffer pH 5, tha hydrolysis

miyture oxhibited a basic sugar Nemethyl=i~gluccsamine migrating
towarde the ecathode and free 2,4-dinitrophenyl migrating towards

the anode., Figure ( XV ) shows a typical paper after deveRoping

with eniline phthalate.

= e f
o 38 < é

1 Bemethyl~L gliucosamine spot
2 2,4 Munitrophoenal

3 IP=hydrelysate

’

Fig: (XV).
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Separation Part of the hydrolysate of methyl DiP-dihydrostrcpto-
biosaninide (8ml) was extractod with chloroform (5 x 10ml) and
back washed with waster (2ml). The sumulated aqueous layors were
shaken with a 10% chloroformic solution of dienwocetyl=methylamine
{(250m1) which had been purified by repeated alternato extracticme
with hydrochloric acid and sodium derond:a ‘Wken the clear
aquoous layser (10ml) was nesutral to B.D.H. universal indicator
paper it was waéhed with ohlortform (5ml) and examined by paper
chromastography to show the two unknown spote RF 0.55 and 0.3,

An ealiquot (4ml) of the above hydrclysate was sireaked out
on the base line of Whatman No, 1 sheet (46 x 5T7owm.) and the
chromatogram run for eighteon hours with the butancl-acetic acid-
wator solvent. The paper was dried at 100°, small longtitudinal
strips cut ocut from each side and $he ceatre and these developed
with the silver nitrate reagent to reveal 2 bands corresponding
with the above apots RF 0.5% and 0.3. The areas on the large
paper parallel with those bands were sut out and eluted separately
with methanol (2 daye). The eluates were evaporated to dryness
wnder reduced pressure &t 50° and re-examined by papergram.

The fast moving spetd BF 0,55 was seen with both solide, faint

indeterminate spots nr 0.1 %o 0,3 were also visible (silver nitrate

reagent).
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The above preparative paper chromatography was repeated; but
thoe paper wae firat irrigated with distilled watcr and dried before
loading with hydrolyeate and'the final elution of the strips was
done with distilled water rather than mathanol before concentration.
In this case the paper chromatography showed that two apots were
visible corresponding to two substances RF'O.SS and Rr 0.3 and
intorference was reduced. After dryiac 42 a vacuum pistol (P205)
two yellow~white solids (ca. lOmg . ') were odbtained,

Second Hydrolysis of the mothyl DdP-di!ldrostreptobiosaminido

Hethyl~DiP-dihydrostreptobiosaminide (18.) was heasted for
2 hours in 2,54 hydrochloric acid in 50% aqueous methanol (20ml)
Fehlings test, paper chromatography and slectrc phoresis showed
that hydrolysis had ocourrcd as before, and the hydrolysate was
extracted with chlorofbrm, neutralised with a 10% chloroformic
solution of di-n=oetyl methylamine and the yellew aguaous phase
examined by paper ohrematography. The chromatograms showed the
0.3 and 0.6 togcother with spots corresponding

F
and
wvith 2,4~dinitrophonyl (0.9)/glucosamine derivatives (0.15).

two apots at R

Aliquots of this hydrolysate {2.5al) vere strsaked cut on

iarge chromatography paper as bofore and the band corresponding

with B, 0.3 and 0.6 eluted. The slower running band ocourred too

F
near glucosamine for proper separation. Two =so0lids were obtained
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as bafore = ono gave ‘P 0.6 on chromatograms (33mg ) the other
By 0.3 (X1mg. ). The formor was subjected to poriodate oxidation
gave the results described in appendix 1.

Column Chrowatography

The solvents weore purified as desoribed on page 13l for paper
chromatography, npe~Butanol-acetic aside-water 4:1:¢5 organic phase
was the solvent 3f choice.

A column 2 foet long, 1 inch bore with a sinter base was
filled to within 1 inch of the top with solvent, a slurry of
callulose powder standard Whatman grade mixed with the aﬁo'o solvent
was thon poured in continucusly while the solvent was romoved
slowly Via she stap at tho foot of the columm, ¥7hen the cellulosa
was at a ﬁeight of 18 inches the $ap was closed and the cellulose
bad allowed to settle bofors placing a oircle of filter paper on
the top of the coliuloao. The efficiency of the column was
tested with 24 bromo thymol blue which showed that the column was
ovenly packed.

An aliquot of the hydrolysate (10ml), which had been nsutralised
wag eoncontrated (gg; iml) under rcduced presaare 53’550. This
was mz2dé up with the chosen solvent to 5ml and addcd carefully
to the top of the column to give an even band, The band was
eluted with the butanol solvent and fractions (5m1) collsctad

ocvernight using an automatic fraction collector. The fractions
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werc oxamined by paper chromatography using the accuastomed solvent,

when it wag found that the slow moving substance R_ 0,3 appeargd in

F
fractions 24 to 32. The faster moving substance did not separate
woll from the yellow 2,4~dinitrophenol, but it was present in
fractions 13 to 18, -7

Practions 24 to 32 were vacuum evaporated at 55° to give a
yellow brown powder which darkened on heating. This represented
103.5mg erude materisl E:ab ~59°(o. 15, water) Jhe Laisscaigne test
gave X posxiive nitrogen (!rnethylob-glnco-auinoE§1§5;51°).
Hydrolyais of Nethyl FE-acetyldihvdrostreptobiosaminide

Mothyl E-scetyldihydrostreptobicsaminide (0.53g.) was dissolved
in 2 N hydrochloric scid (10xzl) and heated for 24 hours at 50°
The spocific Sotation changsd from ~123° to =93°, and she Pehlingdg
test was now poeitive. Paper chromatography with ne=butanol-acetic
acide-water, 4:l:5 as solvent, also indicated that hydrolysis had
occurrod a new spot (RF 0,4) eppeared with periodate - peormangannte
raagant; Positive ninhydrin spots (violet) indicadad that de=li~-
acetylation had aiso occurrsd.

The solution was nentrelised with silver carbonate, ftltefod,

and the rasidue washed with 20m)] of distilled water. The filtrate

and washings wore saturated with bydrogen sulphide, centrifuged and
the supernatant passed down an Amberlite IR 45 (Oﬂn) eolunn washed

with distilled water (1 1litre). The elusto was evaporatsd to
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dryness at 50° 4in a rotary film evaporator to yield a yellow sticky
residie (0.35g.). Freo amino sugar was removed by pasuage of the
residue down a Dowex 50 (ﬁ*} X x 8, 200~-400 mesh cation exchange resin
column (1 x 1O0om.) irrigated with distilled water from which 20 ml
fractions were collectcd. The first fr-.ction gave dihydrostreptose
as a croamy yellow hygroscopic solid (0.1?73., 57;:) on evaporation to
dryness at 50°C on thc rotary filu evaporator me.pe. 135-140° 700
{(c. 1, water ?-4‘»&), |
Found: C, 43.53 H, 6.953 Cel3i205 requires
Cy 43.95 H, T.3%.

Chromatography (ascending) using n-butanol-ethanol-water 431115
gave Hp 0.4. A thin layer chromatogram run in dry methanol gave
Bp 0.7, which is equidistant with arabinose.
Dikydrostreptose acetatc. Dihydrostreptose (O.1g.) was dissolved in
pyridine (2ml) and acetic anhydride (5ml), the mixtare left at room
temperature for 4 days, and the solvents remove in vz2cuo at 509 ,
The product m.p. 173° (112mgm) was roprecipituted from dry ethanol and
dry ether.
Foundzs C, 46.93 H, 6.53 acetyl, “t.T} Cgliy 406 requires

C, 46.65 H, 6.53 acetyl, 20.87%.

Dihydrostreptose Toscylhydrazone. Dihydrostreptose (20mg. ) was
.condenaed with toluene-p~s.lphonylbydragine (purified by orystallisation
in refluxing ethanol. The tosylhydrazoae (Tmg. ) rocrystalliced from

ethanol had m.p. 145° (Wang Yusﬁguotes 1379).
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Cation=exchangae hgdrolgsis of Sethyldihydrostreptobliesaminide.

Methyl dihydrostrcptobiosaminide hydrochloride (1g.) was
dissolved in distilles water {3ml) and Dowex 50 (X8, 200.400 mesh,
ca. 203.) (H%?orm) added as a thick slurry (ca. 15 ml.water). The
mixture was heuted for 4% days at 500, papsrgrams being run after 24
and 48 bours, when new reducing spots appeared. The resin was then
placed in a column (1 x 2Vem.), washed with distilled water {500ml.)
and the eluate evaporated to dryness under racuced prossure at 509 to
yield a residue (0.553.) which gave a positive ninhydrin colour on
PAPETETANE «
Passage dowa a fresh Dowex 50 (Hﬁy column (1 x 8"} gave a ninhydrin
negative, elecirophoretically neutrzl material as a dark brown syrup
(0.338.), most of which was soluble &n methanol (20ml.). The solutien
was filtered and the filtrate evaporated tc dryness under reluced
pressure yiclding & residue (0.27g.) which smelt of concentrated hydro-
chloric acid. This acidic residue was passed Gown a column (1 x 3")
of Zeo Kard 225 (OH- form) anion exchange tesin yielding, after con~
contration of the eliate (500ml.), 2 methanol soluble brown glosey syrup
(C0%5g. )« Prcparation off?%sylhydrazone from this residue yielded
Jducosamine tosylhydrzzone (30mg: ) of off-white crystals.

P=metayl=L~

Found: N, 12.43, 01432306H3; requires
N, 127 %

Paper chrom&tcgraphy. The above hydrolysis followed by paper chrema-

tography using n-butanol=acetlie acid-wator indicated that some change
occurred. Detection with pericdatas-permanganate rcagent showed o faint
new anot Ry 0.4 and ninhydrin showed the prasence 2 temothyial.

gl isesonine (Bp D151,
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dethyl streptodiosaminide dimethyl acetal

Streptomycin sulph.te (1”7g.) which had been dried for 2 hours over
phoaphorus peintoxide at 100°was dissolved in i methanolic hydrogen
chloride (200ml.) and left for 48 hours at room temperature. Anhydrou:
ether (400ml.) was then added, .the precipitated streptidine hydroshlorid
filtred, and the filtrate concentrated in vacio to ga. 3Onl. Furthor
anhydrous ether (250ml.) was added to yield a yellow brown "oily”
hygroecopic precipitato which on drying in vacao (KOH, CaCls) gave crude
methyl streptobiosaminide dimethyl acetal hydrochloride (5.33.,74¢) as
a light brown hygroscopic solid. [:6(3;0'@124? (Polkex?sm‘ g&vea@l@}c’)
Found: §,3.2 § ocalculated for C,cH,gClNO,,

B,3.2%

dethyl stroptobiosaminide dimethyl 'acetal hydrochloride (5g.) was
pazsed thr#ugh a columan (1 x 10") of De~acidite FF(Oi—) form eluted with
200mls. of distilled water after which the washings became sacidic. The
eluate was evaporated to dryness under roduced pressure at 50°2 to yield
orude methyl streptobiosaminide dimethyl acetal (4.1g. 89%).
dethyl Neacetylstroptobiosaminide dimethyl acetal.

The crude base (4g.) was acetylatei in dry pyridine (°5ml.) with
acetic anhydride (1.5ml.) for 7 days, the course of the i#~acetylation
being followed by ninhydrin spot tests (positive to negative). The
solvents werd removed in vacuo at 45%2 , the rcsiduo dissolved in
methanol (2Vml.) and the methanol inszoluble material removed by filtratic
Anhydrous ether (200ml.) was added and the resultant precipitate collectc

redissolved &n methanol (20ml.) the insoluble material filtered and the
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filtratc added to anhydrous cther {200ml.). The preccipitated methyl
N=~acetylstroptobiosaminide dimethyl acetal was $triturated extensively
with dry ether, and dried in vacuo over conccntrated sulpharic acid to
yield a light brown aolid (3g.)75%).

Acid bydrolysis of methyl H-acetylstreptobiosaminide dimethyl acetal.

dethyl d-ccetylstreptoblosaminide dimethyl acetal was dissolved

in ¥ hydrochloric acid (20ml,) and heated at 45° for 3 days. The

acid was neutralised with silver oarbonate, hydrogen sulphide §assed
into the solution for 30 minutes and the silver sulphide removed by
filtration. The filltrate was evaporated to dryness yielding dark
brown orystals (2.25g.) which were rediseolved in distilled water
(20mls.) and passed through a{l z T") column of Dowex 50 (ﬁ*) form

X8 200=400 mesh clutod with distilled water. The combjasd

eluate was collected in fractions (10 x 50ml.) each onoe of which was
conceatr:tod and examined by paper and thin layer chromatography for
evidonce of separation. Fractions 3 to 7 exhibited ninhydrin positive
spots Rp 0.15 with n butanol=-scetioc acid-vater. Frootions 1 and 2
oxhibited long bdrown streaks in the same solvont. These latter

fr .ctions were again passed through a frosh Dowex 50 (H+3 column 1 x 7
collaocted in fractions (3uml.) whioh were concontrated and examined on
papersrams, ¥Fraction 1 from thic new column on evaporation to dryness
under reduced pressurc gave a brown charrod solid (0.1(g.) which
cxhibited a long indetorminate astreak on paporgrams Siving a blue=vioclet
colour with ninhydrin,

Attempt to_prepare N-mqugg-b-glaoosamine penta-acetats.

The above residue (0.133.) was acatylated by treatment in dry
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pyridine (8ml.) with acctic anhydride (15ml.) for 4 days at room
temperature. The solvents wero removed in vacuo at 509 the residue
diesolved in water and extractod with chloroform (5 x 10ml.). The
chloroform solution was evaporated to drynees under rsduced pressure,
the residue triturated with eother which wae decantcd to leave a dark
brown hygroscopic solid. Repeated treatmont with dry ethanol followad
by evaporation gave a similar product whioh ocould not be crystallised,
Papergrame 42 this crade substanoce and authentic pente—acetyl-iemethyl-
D-glacosamino showed the same Rp value,

Attempted ninhydrin degradation of methyl dibydrostreptobiosaminide.

HMethyl dihydrostreptobiosaminide (0.2g.) was dissolved in distilled

water (100ml.) with ninhydrin (180mg.). Hydrochloric acid (0.5N)was
added dropwise until the pH was 5 and the reactants boiled under refluz
for half an hour, The dark brown solution was filtered, evaporated %o
dryness in vaouo and &xamined by paper chromatography. T'xtensive
charring had occurred but no evidence of deamination was apparent, =
spot for methyl dihydrostroptobiosaminide bein; deteoted on paper
chromatography Rp 0.2. (Periodate - permanganate roagent, n—butinol=
acetioc acid~water).

In a second experiment methyl dihydrostreptobiosaminide hydrochloric
{0e2g.) was dissolved with ninbydrin (0.15g8.) in distilled water (5ml.)
and hecated in 8 bolling water bath for 3 hours. The dork brown solutice
was cooled, filtered and passed through a small Domex 50 (H') form column
(200«400 mosk X x 8, 1 x 17cam.) eluted with distilled water (50ml.).

The eluatec was extracted with chloroform (3 x 20ml.) and butunol(3 x 20ml

evaporated to dryness under reduced pressare at 50° and tho residue(0.14¢
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oxamined by paper chrcmatography.

The residus was acetyleted with pyridine (5ml.) and acetic
anhydride (5ml.) for a éeak at room tcmperature, The solvents wezrs
removed under reduced pressure at 50° , the residuse dissolved in wator
neutralisod with sodium carbonate and extracted with ochloroform {20ml.)
The chlorocform extract was dried overnight (caCIZ) and evaporated to
drynese leaving a red brown residue which was redissolved in benzene
{(15m1.) and poured into 200ml. of patroleum ether to yiold a red-brown
precipitate (22mg. ) vhich possessed the sams Rp as methyl dihydro-
stroptobiosaminide in chromatograms.

Attompted enzymatic hydrolysis with R~acetyl-f-D-glucosaminidase.

daterials Samplesa of rnitrophenyl—!-aoetyl—ﬁ’ ~D=glucosaminide,
freeze—dried ram -~ testes = extract source and orystalline bovine~
plasma albumin werse used.
Buffere Citrate buffer (0.54) pH 4.3 was prcpared from stock solution:
of codium ecitrate and citric acid, In order %o obtein the desired
final pH in reaction mixtures, 0.05M with rospect to citrate, allowanc:
wan made for the rise of approximately 0.2 pH unit which ococurs on
"ilation.

Borate buffer (0.2d) pH 9.5 was made from boric acid amnd sodium
hydroxide,
Latimation of p-nitrophenol released. 'I'his was mecasured
spectrophotomatrically on a Unicam SP, 300 spesctrophotometer )‘maxo 400+
A standard absorption curve of p-nitrophenol was prepared for

concentraticns of 10, 20, 30 and 40 ug per ml. resrpectively.



p=nitrochanol S& ndard Curve

Concentration Absorrtion
11,16 ag 0.12
22.36 ug 0.27
33.54 ug 0.2 8-
44.72 ug 0.56

Blank absorption = 0,265

'nzyme Soln. = 0.59

resalt ® 0.59=-0.265 = 0,32

30

g 26.5 ug

CONCENTSATION )3.

2
L]
-t 3 — L i 1 D
U (P (N od 2
? 2 3 P.f: a:

Absorption a2t 400 mun
Snzymatic Hydrolysis of p-nitrophenyd —H-acetyl

4 -glucosaminidass Graph 1

.
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Enzyms solution. Ram~testes=oxiract (60mg.) was suspended/dissolved

in distilled water (100ml.) containing crystalline bovine-plasma

aldbumin (00 18. ) »

Substrate Solutions. _;_:-Nitrophenyl—ﬁ ~if~acetylglacosaminide (12mg.,
36mi.) wes dissolved in distilled water (2ml.).

Methyl Me~acetyldihydrostreptobiocassminide (80mg., 40mM) was dissolved
in distilled water (5m@l.).

Engyme Activity Tegt. Three tubes were set up, one test and two

SoNEsF0ls (cue Jugyms and ony SWOIPate) sush Fhal she %o%al Tolums
was lml.:nd concentrations 0.06% enayme, T.2mk .substrate (p-nitrophenyl-

Beacetyl-f wglucosuminide), and pH 4.5, 0.05M citrate buffer.

I 11 III
Tnzyme 0.6% in 0.1% albumin solution 0.1ml. 0.1lml. 0.0ml.
Sabstrate 36my . 0.2ml. Q.0ml. 0.2ml.
Buffer pH 4.3, O.5Hd O.lml. C.1lm]. C.lni.
Distilled water 0.5ml., 0.8ml, 0. Tml.

The tubes were incubated in a constant temperature water bath at
37 for 30 minutes and hydrolysis arrested by the addition of borate
buffer pH 9.7, rthe amount of p-nitrophencl released is estimated
absorptiometrically at 400 QP corrected with referencae to substrase
and enzyme blanks. The results are summarised in the graph (Fig. XVI ).

Enzymatic Hydrolyeis of Mdethyl HN—acetyl dihydrostreptobiosaminide.

This experiment was set up as with the p-nitrophenyl-i-acetylglucosaminid

substrate, but larger volumec (5ml.) were ased as followss=



I I1 11X [
Enzyme 0.6% spspended in O.l% 0o5ml. 0.5m1.£
albumin solation '
sibstrate 40a.l, 0.5m1. 0.5ml. E
buffer citrate 0.5Md.pH 4.3 O.5ml. O.5nl. O.Sml.l
distilled water 3.5ml. 4.0ml. 4.0al. |

The solutions were incubated at 37° for 2 hours, centrifuged
to remove insoluble (enzyme) watter and papergrams run. The
polarimetric readings did not differ between commencement and
concluasion of hydrolysis. For this concentration of enzyme and
sabstrate the chromatograms exhibited no evidence of hydrolysis
( periodate—permang:inate).

A repeat experiment doabling the concentration of sabstrate and

enzyme used also showed no signs of hydrolysis.
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GLYCOSIDLS OF DIMYDROSTHREPTOBLOSAMINE,

Bengyl dihydrossreptobiosaminide hydrochloride. dethyl dihydrostrepto-

biosaminide (0.5g.) was scrupulously dried {(60° in vacio over P205),
dissolved in 2,88 benzyl alcoholic hydrogen chloride (25ml.) and laft
for 48 hours at room temperature. The solvents were concentrated to
about 10ml., under high vacuum at 55° and left over 46 hours when
creamy crystals were depositced. The crystals (80mg.) were washed
with dry petroleum ether (b.p. 80/100°9), (3 x 10ml.) and acetone and
petroleum ether were added to give white micro crystals (22mgz.)

m.pe 220°., The ultraviolet spectrum showei absorption at 255ap
characteristic of the aromatic ring. Confirmatory weak peaks at
1430, 770, 740 and 680cm™! were obtained in the infrared.

The mother liquors were concentrated to dryness in high vacdo to
lcave a brown syrapy residae, which was dried ina & high vacuum
desfetator for 3 days (03012, KOH), tritarated with ether to yield an
off-white solid (2”°4umg.). Reprecipitation from ethanol, with acetone

and dry ether gave densyl dihvdrostreptobiosaminide hydrochloride ac =
white hygroscopic solid (119mg.) m. k 2}07 Eo(_yo- 110°

Founds N, 2.63 CpgH3zC180g reqaircs
N, 3.0% .

The above experiment was repeated with methyl dihydrostrepto=
biosaminide hydrochloride (lg.) except that after 48 hours the reaction
mixture was flooded with dry ether {ga. 250ml.) when a hygroscopic
precipitate was obtained. Reerystallisation from ethanol with acetone

and dry ethor followed by desiccation (CaClpKOH) gave white crystals
(006755) of _bensyl dihydrostreptobicsaminide hydrochloride m.p. 210°




Foundt C’ 49’1 " H, 60 5; L‘, 3.0§ 020H32C 1‘.‘09 req.]irca
Cy 5153 Hy 5.T3 My 3.0.

2=Bromoethyl dihydrostreptobicsaminide hydrochloride.

2=Promoethanol was redistilled and gasecus HCl passed in t0 give
a 2,84 solution. Carefully driasd methyl dihydrostreptebicecaminide
hydrochloride (0.5g.) was dissolved in 2d, 2~bromocethanclic hydrogen
chloride (25=ml.) and left for 48 hours at room temperature. The
solvent was removed 1n7h1gh vacuun at 60° to leave a violet szyrup,
which was redissclved in dry ethanol (15ml.) and saparated from any
insoluble material. The ethanolic sclution was evaporated to dryness
at 505 and the syrupy viclet residue redissolved in the minimum of dry
methanol, Dry ether (25ml.) was added, yielding a pzle violot
precipitate which on filtering aad drying in_vacao (CaClpKOk) gave
2=bromoethyl éihgdrostreptobiosaminide hydcochloride as a violet powder
(0.42g.) m.po 125-130° L&K’umo%‘rﬂ).

Founds c’ 3503; Bg 6-0; Ny 3oli 01582931'01‘409 regaires

C, 3793; H’ 5.8; “, 209%.

Phenyl dihydrostreptobiosaminide Pare phenol (50g.) wes melted in a

hot water bath at 60o and kept molten whilst dry gossoas hydreogen chlor—

ide was bubbled in for an hour. The welght gain was noted and

phenol added to give a normal solution with respcet to hydrogen chloride
Carefully dried methyl dihydrostreptobiocsaminide (lg.) was added

to the phcnolic hydrogen chloride {(30ml.) and left for 4o hours ot 55?

Dry acetone (200ml.) was added to give a white hygroscoplic precipitate,

which wus filtered, fractionated with dry ether extcnsively to remove

traces of phenol, and dried in vacuo { KOH, CaCly) 24 hours. The cruade
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product was dissolved i the minisum of dry ethancl (ga. 5ml.),

and precipitated with dry ether (50ml.), affording phenyl dihydrostrept-

biosaminide hydrochloride as a hygroscopic yellowish white pwwder (1.0]
85¢%) m.p. 115° L—qlzo@13l°(c, 1% water). Tho infrared spectrum showed
aromatic peaks at 690, 760, 830, and 1500 co~l, The altraviolet
spectrum also showed benzenoid absorption at 25171,1.
Founds C, 51.13 Hy 6.73 Ny, 2.9j C19H30C180g requires

| C, 50.5; H, 6.5; 8, 3.1%.
Cyclohexyl glycoside. Redistilled cyclobexanol (50ml.) was trested
with hydrogen chloride as before and diluted to give a normal solution
of hydrogem chloride.

Methyl dihydrostreptobiosaminide hydrochloride (0.5g.) was
treated with the N hydrogen chloride in cyclohexanol (25ml.) for 48
hours at 50°  Dry ether (10Oml.) was added to yield a white
hygroscopic preoipitate. Reprecipitation from sthasol (5ml.) by
dry other followed by washing with ether gave erude cyclohexyl

dibydrostreptobiosaninide bydrociloride as a hygroscopic solid

(0.21g., 42%), m.p. 120=-120°,
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APPENDIX 1.

Pericdate oxidation of carbohydrates

For this most important degrz2dation o number of muthodgsare
available and after some weeks of preparative snalysis, a micro
determination was worked out combining two of these. Points to
watch when interpreting resalts were = non~specific or over oxidution
reactions which occar if conditions have not been carefilly controlled.
Oxidation may also be hindered by steric effects and formate esters
may be formed.

dannitol wvhich 1s very readily oxidised was used as st-ndacd for

degradation.
Hp CHpOH -
(GHO(CHOH);  $5I04 AHCOOH @ 2HCHO
(CHo(CHp0H Formic acid FPormaldehyds
35

dethod 1l Oxidations were carried out in the dark in glase stoppered
flasks using an approximately 10 fold molar excess of sodium metaperiodstl.
(0,01 to 0,04 M). Redactants (10 to 30 mgm.) were dissolved in water
and the appropriate velime of 0,04 d poriodiute salition added. A
blank solution was prepered at the same time.

Consaaption of oxidants At saituble time intervals, e.g. 3, 6, 12, 24
aad 48 hours, aliquots were withdrawa from each solution aand scdium
bicarbonate (0.29g) added. lxcess sodium arsenite (25 ml. 0.02 W)

was then immediately added, followed by potassiam iodide (23. 0.79g.)
Undor these conditions, anreduced sodl im metaperiodate wos recuced by
arsenite and the excess arseaite was then titrated after staading for

10 minutes with standard ifodine solution {ca. 0.024) using "rFhyodene"”

iqdicator.
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HoAsO3 ¢ 10,4 ————— HpAsOg + IOy f

—— Hyae0, 4 21 4 28"

HpAsOy + Ip ¢ Hy0

B¥ 4 HCO, y B0 4 COp

The diffsrence betwzaen blank and the oxidisging solution titre is

proportional to the oxidant coasumed.

I s Aazol = 104

4 2
iml. 0.01 ¥ iodine m 0.0l moles icdine
1000

2z 0.0l x 1 moles E04
1000 2

= 0.005m. moles 104

Therefore if sample weight ie m mg., molecular weight of reductznt
¥, and titre difference X ml. of 0.01 iodine solution, the uptake of

oxidant in mole/mole is given by 0.05 = X x d
m

A8 solutionsg used were 0.02 M4, this gives the expression

2x0,09xXzxmnm
M

Experimentals In the initial experiments mannitol and glucose were
oxidiged. Zanaitol was more rapidly oxidised than gluoose unless a
bicarbonate baffered periodate solution was used (g‘_. chromotropic
acid HCHO estimation). A 10 mg. scale was used initially.
Periodate solut%onz A 0,04 J& solation of sodium motaperiodate was
prepared (2.139 in 250 ml, distilled wzter}

Arsenite solutions At 0,02 B solution was nsodi 1 8. of arsenic




trioxide was dissolved in N sodium hydroxide solution (warmed, if
necessary) and § hydrochloric acid added to pH 7, and diluted to 1 litre
with distilled water.

Iodine solutions 2,6 g. of iodine with 8 g. of potassium iodide

in 1 li¢re of distilled water gave an 0.02 N solution.

Kathods For a ten-fold oxcese, mannitol {10 mg.) was dissolved in

0.04 B periodate (12.84 ml.) with distilled water (2,16 ml.). ‘TThis
solution and a blank solution containing no mannitol were placed in

a 29 ml, graduated flask(covered in black paper with ground glass
atoppetg}' Al) solutions wero kept away from direct light. Aliguots
(1.5 ml.) (i.e. T%) were taken snd sodium bicarbonato (ga. 0.2 g.)
edded. Exceos 0,02 ¥ sodium arsenate {25 wl.) was immediately added
followed by potassium iodide (ga. 0.2 g.) and after 10 min., titrated
with iodine, From the difference betwecn the blank and test titres

the number of moles of oxidant per mole of sugar used was found, e.g.
for mannitol aftsr 1 hour

Blank I, = Arsenate 25 ml. & 21.9 ml. 0.024 iodine

Test 23.1 ml., 2o0dine

W

i.s. Amount of periodate used in oxidation of mannitol (standard)
= 23.1 - 21.9 = 1.2 al, of 0.02N arsenite solution
Ho., of ﬁoles oxidant per mole sugar (mol. wt. ~ 182.17)

= 0.1 x 1.2 x 182,17
10

o = 5,308 mole/mole (high)

This method was rather wasteful if an unknown sugar wae being

used (10~30 mg.) so a smeller scale (2«5 mg.) was tried in combination
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with the chromatropic acid estimetion of the formaldehy&e produced,
a8 description of which follows.

diecro determination of formaldehyde liberated during oxidation of

carbohyd rate with periodmts using chromatropic acid
Begrwo (1937)%38 fire: noted that formaldehyde reacted with

chromatropic acid {1,8-dihydroxysanphthalene-~3,6-disulphonic acid)
on heating in sirong HoSO (60% w/v) to xive a strong, apparently
specific colour.

Originally thevformaldehyde waa distilled off but this was
inaccurate in small concentrations and an in situ method was deve10p3d93a&
As chromztropic acid is itself rapidly oxidised with periocdzte, complete
romoval of periodate along with any inorganic reaction products is
essential,

Thvie 13 best done by preparing insoluble salts and, as the optimum
pH for formaldshyde formation is 7.5~8 this limits the precipitation
choice. Best results were with lead salts, but even here the cholos
was limited as some of these inmberfers with the colour {esi, Lead
dithicnate was especially suitable, principally because of its high
solubility and also since the dithionate ion decomposes in acid into
sulphat® and sulphur dioxide. The lead sulphate is conveniently
removed by centrifuging and sulphur dioxide doas not interfere with
the reaction and, in fact, stabilises tho chromatropic acid egainst
oxidation by air and light

e
PbS,04 H S0, 4 PbSO,

Roagents
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{a) Chromatropic acid reagents Chromotropic acid (1 g.) was

discolved in hot water (100 ml.) and the molution filtered threugh
glass wool to remove any insolable sulphnones; stannous chloride (0.l g.)
was then added (stabilising agent) and the turbid solution obtained
diluted to 500 ml. with sulphuric acid 66% w/v. All operations wera
carried ou®% in the dark and the solution stored in a stoppered brown
glass bottle can be used up to about 10 days.
Periocdate solutions For mannitol a buffered sclution is unnecessary
as the oxidation is raplid at most pH wvalues, but for glucose a slow
recaction requiring optimum pH, & buffer is necessary.

Sodium metaperiodate (0.015 M) in 0.045 N sulphuric acid was
diluted before use with an equal voiume of N sodium biecarbonate. This
reagent is suitable for simple sugars but for sugars of higher molecular
weight, a stronger solution should be usad.

Lead dithionates: An equal molar quantity of sulphuric acid was added

to a sclution of barium dithionste (BaSs0g 20% w/v), the barium sulphate
was removed by centrifuegation and e slight excess of lead carbonate

was added to the acid sclution. ATter the reaction was complete the
excess lead carbomaite was removed by ccntrifugation, and the superaztant
solution added to the ethanol (2=3 vols.). After standing at 0° over-
nignt, the crystals (PbSo0g 4 Ho0) o)tzined were washed with ethanol, =nd
dried over calcium chlorids. The reagent was used ﬁs a 20% u/v solution
in water, Solutions frozen at =10° are stable over long periods.

Mothods The example for mannitol standard is givem. One volume (5 ml.)
of a freshly prepared periodate-bicarbonate solution (sodium wotaperiocdate

0.0)I5H in 0.045N sulphuric acid diluted with an equal volume of sodium
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bicarbonate solution) was added to an equal volume (5 ml.) of an
0.01% aqueous solution of mannitol. The oxidation was allowed to
proceed in the dark at room temperature in 10 ml. ground glass stoppered
graduated flasks, and at suitable time intervals, e.g. 0.5, 1 and
2 hours (with mannitol oxidation is complete in 30 minutes) aliquots
were withdrawn and pipetted intc 1 ml. of lead dithionate reagont
107 w/v contained in a 2 ml. centrifuge tube. After mixing and
centrifuging, a 1 ml. aliquot of supernatant was removed, care being
taken to avoid inclusion of any precipitate, placed in a 10 ml.
centrifuge tube, and the chromotropic acid reagent (9 ml.) added.
(This and subsequent operations were performed away from direct light.)
After standing 3O minutes, the precipitated lead sulphate was centrifuged
off and the supernatant solution transferred to a test tube and heated
in a bdolilling water bath Tor at least 30 minutes when the colour developed.
The absorption was read at 570 5y using 1 om. cslls in a Unicam SP. 500
apectrophotometer.

The proceduce was Simultansounly used for 0.005% and‘0.0025%
mannitolsclutions using 0.005% glucose as a test unknown. Thus a
standard curve of absorption ziainset formaldehyde produced was shown
using th'e fact that mannitol is oxidised to give 2 moles formaldehyde
per mole of sugar. See graph i

This was repeated several times. The optimum time of heating for
colour development was 1 hour.

Combination of the two methods for Periodate.

This entalled the scalibg down of the oxidant consumption titration

to the 2.5-5 mg. scalo. The weight of mannitol oxidised to give &
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standard carve in the chromotropic acid foraaldehyde determination
vore H mEe, 375 mEg. and 2.7 I &.

Procedure: A 0.5% manaitol sclution wis ised
For 5 mg. take 7 ml. 0.04i periodate + 1 ml. manaitol 0.5 + 2 ml. wuter

3.75 mg. take 7 ml. periodite ¢+ 0.75 ml. mannitol 0.57 4 2.25 ml. water
2.5 mg. take T ml. periodate 4+ 0.5 ml. manaitol 0.5 4 2.5 ml. water .
Blank take 7 ml. periodate (0.04i) with 3 ml. water

‘These were mixed in 10 ml. graduated flasks, fitted with ground
gluss stoppers. After 3, 1, 6 and 1? hours, 1 ml. aliquots were taken,
) sodium bicarbonzte (0.5 g.) added and 0.024 sodium arsenate (5 ml.)
followed by 0.5 g. potassium 1odide, After 10 minates the exccess
arsenite was titratcd with iodine using'thyodene"1ndioator.

For the formaldehyde estimation, 1 ml. aliquots of ths oxidisiag
solution were ad-‘ed to 10 ml. of distilled water and 1 ml. of the
dilated solution wus pipeilted iato lead dithionate and the procedure
adppted as described before in the chromorropic acid estimation.

For the fast runaning anknown firom the hydrolysate of wmcthyl
N=2,4-dinitrophenyldihydrostreptobiosaminide (Rp 0.55) a 0,017
solation wis prepaved and the 3.7% mg. scale uased, i.c.

Agueous soliation (3.75 wl.) with 0.04. solution of sodium metapericdate
(17 ml.)

Results - after 6 hoars oxidation

fitration for periodate

1 ¥ As Manaitol standard Blank = 2,53 ml.
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Titre
5mg. = 3,86 ml. i.e. Difference = 3.86 -~ 2,53 = 1.33 ml.
3.75 mge = 3,56 ml. * ® = 3456 = 2.53 = 1.03 ml.
2.5 mg. = . 3,24 ml. " " 2 3e24 = 2.53 = 0,71 ml.

Since strength of arsenite = 0.02i3 molecular weight of manaitol = 182,17

5 mge. No. of moles 104 used/mole sugar = 0.1 Xx 1.33 x 18217= 4.95

p
3.75 mg. = 0.1 x 1.03 x 182.17 = 5.01
: 3.75
2.5 i+ 724 '-‘..0-1 X 0.71 X 182.1] &5.174
255

Unknown

2.77 mg. Titre I = As = 2.64

Difference in titre = 2.66 = 2,53 = 0.13 ml.
molecular weight of unknown ~ 160

No. ot moles 104 per mole sugar = 0.1 x 0,13 x 160 = 0.7544
2,71

= 0.8 mole/mole.

Formaldehyde from graph
0.0277 mg. unknown 1.3 mg. formaldehyde

MNo. of moles/mole sager = 1.3 x 160 = 0.469 mole/mole

3¢ 277
Tabulated resalts for unknown
[ime moles oxidant/mole sugar formaldelhyds moles/mole
A houm Q.75 0,46
24 hours 1.328 0.54°
48 hours 1.560 0.66




Conclusions

These figures were only approximate as the unznown matorial was
not orystalline but wus contaminated with hemicelluloses from filter
paper.

Apparcntly for every 2 moles of periodate used one mole of
formaldehyde is produced which is coasisten. with a methyl glycoside
ruther than the free sag2r which would be 3 moles of oxidant, as seen

in figure XVII.

H
H 3
, 3" cso ¢mo
T :
OH
= + HCHO
mothyl dihydro
straptose
O 10, }<:::/0\\‘cno
———y
Hylt 4 HCOOE

HO CHO 033 CHO

Figure XVII,




APFESDIX II,

The application of proton magnetic resonance spectra (hereafter
tormed n.m.r.) %0 tha study of configuration and conformation in
carbohydrates was first reportod by Lemieux and his asaociates.439
Pyranose sugars were flirst studied when confirmatory chemical evidence
alloged certain areas of the spsctrum to be assigned to spsecific protons
in sinilar environmcnts around the pyrain ring. Slight changes in the
chemical shift signal (“Fvalues) indicated change from equatorial
(+iower) to amial (hjeher) orientation. The fine structure of the
hydrogen interactions, or spin-apin coupling constants {J valuee) could
be used to confirm theoretical predictions of the proton orientatioen.

These workers‘aoand Jardeteky412 later extended this work to
pentafuy anoses, Vhus enabling conformations to be assigned tc these
structw es. In certain cases, aanomeric configurations which had been
agsigned on the basis of molecular rotation were revised.

These observailons :jay be summarised as follows§é9
a) A shift of %10 oc.p.s. between the signal for the welhyl hydrogens

of equatorial and axial acetory groups was obsorved.

b) The ancmeric C~1 hydrogens of acetylated aldopyranoses produce
signals which are separated by 10 to 26 ¢.p.s. when these are axial
in one of the anomeric forms and equatorial in the other. The
anomeric hydrogen is a unique typs of hydreogen in the molecule and
is responsible for the signal at the lowest field (3~-47) - ettributed
to the fact that it is the only hydrogen attached to a carbon which

is honded to two oxygen atoms and is consequrntly less shislded.

ThHis postulate is supportcd by the doublet signol often seen for
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this hydrogen which is oaly strongly coupled with one adjacent
hydrogen thus affording an A,B system. In some cases the doublet
is not resolved.

¢) The signals from the 56 7 region arise from the methylene hydrogens
of the acetylated addopyranose ring. The sharpness and intensity
of the signals at ca T8 definitely rclate to the 12 protons of the
four acetoxy groupsin the pentose tetra-acotutes (15 protons in the
hexoses).

d) The magnitude of the coupling constants derived from measuring the
spacing is coneisteat with the generalisation thet spin-spin coupling
ig 2=~3 times greater %ﬁ:? neighbouring hydrogons are in axial-axiel
positions,

The data presented indicates that a change in the configueation at
the aaomeric ocentre produces a8 chemical shift town~ds a lower field

when the hydrogen passes from an &xial to an equatorial orientation.

This sh¥Xt varies greatly from one pair of anomers to another,

Rinehartian%nd his colleagues, as reported in pJd1 amsignod the
glycosidic linkages to noomycins by means of n.m.r. spectroscopic

study of various derivatives. The spectra of hexa=ii-~aceiyl neomycin

B and C show the anomeric proton &% a singlet (J = 1 c.p.s.) at =0.5{ptpws

relative to solvent H.Q.D. this negligible coupling is only possible

between‘égggg/pfotons at C~1 and C~2 as cis (X ) in five membered

rfings sh@uld have J = 6c.pe.8. and havc been observed with some o‘i&é

ribosides as 4 o.p.s.44o

Barker and his colleaguos441 working with the aminoglycosides

from the antibiotic novobiocin has collated data concerning methyl
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glycopyirnosides l=mpethoxy and acetoxy protons. The protons of tha
l-=mothoxy group of some methyl pyranosides fall into two groups around
T = 6.69 and T = 6.85. If the probable C 1 couformation of the
hoxose derivativesn is assumed,shaae vilues correspond respectively to
the equatorial and the axial oricntations of the group. Acetylation
of the methyl pynmnosides gives a uniform signal of 6.7 which is
attributed $o the spatial arrangements of che acetoxy groups. A
comparisan of the spectra of the free glycopyrunoside and its acetyl
derivative therefore provides o means of determining the orientation
of the methyl glycoside group, by observing if the methoxy signal is
unchanged - (equatorial ) or altered by ebout 0.16 to z lower fiesld
(axial). (g:;vige methyl 2-acetamido -2-deoxy-3,4,6- tri-O-methyl- o -

D-glucostide the 1-0O-methyl eigel gives (= 6.84 which is counsistant

with an axial position.

(CLXVI)

Barker and his associates4al also examined aad compared the
acetoxy group signals of the fuly acetylated pyranoses and whilst
thin study was complicated by the ungertainty of the spatial arrangements
of the elcongated mcotoxy groups with consequent proton shielding variations
reasommble consistency was observed.

T2 object of the presont n.m.r. study was to confirm the glycoside
linkages in methyl o~ @il @ = dihydrostreptobiosaminide, alresdy assigned

from molecular rotation studies 27% and to report any ccnformational
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evidence available for the fuaranoside ring of dihydrostreptose.
Difficalties ia interpretation, however, have been encoantured due to
lack of model compounds, escme of which werc available bat gave spectra
of poor resolution., (Penta-acetyl~i-methyl=Le=gzlucosamine and dihydro-
streptose mono-acetate) ,

The spectr: ofo{ - and #.- methyl-penta~acetyldihydrostreptobio-
saminide (CLXV1la and b) were however obtaine:® in deaterated chloroform
(CDCIB) and compared with the spectrum of thc unrosolved anomers of
methyl=il-acetyldih ydrostreptobiosaminide (CuXVlle)run in deuterated
water (D,0 or HOD).  he spectrum of penta-acetyl-i-methyl- ¢ —D-

glucosamine (CLXVI11) also gave some useful information.

(CLXVII)=s = Ac,R' & Qlie R"S» H

b R = Ac,B° = H R" = Ole (CLXVIII)

c RS H, R*+= ¥ or iHe |R"¢0He or H

Barker and his colleaguéglgavo'( 2 6.7 as the l-methoxy signal for

the acetylated pyranosides ~ the signal ocours atT = 6.62 in the spectra
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ghielding differences caused by the furanoside ring. For methyl=ji-
acetyldihydrostroptobiosaminide the unrcsolved q- and ﬁa- anomers arc
clearly preseat as two signals are seen ia this area, T = 65y und
T= 6.6.

The methylene hydrogens of both the furanoside T = 5.95 and
pyrunoside 7" = 5.82 rings CLXVIIa and b are well resolved and identified
by comparison with the spoctra from the ponta-acetyl-d-h—gluooaamine
derivatiVG.

The M-methyl and acetoxy signals are seen in both spcotr. at
T =6.98 and T = 7.8 to 8 respoctively. The acetoxy signals differ
slightly, the & ~anomer showing 2 quintet and thoF‘ isomer a doublet.

The spectrs of the D~glucosamine derivative shows a triplet signal
for the acetoxy signals which may be assigned T = 6.85 for the N-acetyl
group, 7,92 for the axial and 7.9S for the equatorinl groups, respectively.

The most interesting portion of the spectra for the streptomycin
derivatives lies in the signals caused by the terminal C-methyl group
of dihydrostreptose. In the %{ -penta~acetyl derivative this ocours
as a methyl doublet. (T = 8.66 and 8.82, J = 6 o.p.s.) whereas in the
poorly resolved signal of the # —anomer it occurs as a gquartet {7 ='8.65,
8.7y 8.82 and (.863 I = 7 and 8 c.pes. =~ (1,33 2,4)). This poor
resolution is much improved in the spectr= of the anomeric mixture of
the Neacetyl derivatives, whioh gives much the same values.

The reason for this difference in signals of the { ;mdﬁ ~isoners
is not clear, bat mast depend upon . the configuration at C—1 in the
furanoside ring introducing long range courling in the ﬁ-—isomar, which
may exist as disoussed i1 page ILTin a2 number of P(twist) or E(envelope)

forms.
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Farther examination of the spectrum of o emethyl penta-acetyl
d1hydrostreptobioaaminida leads to the speculation that if the doublet
signal at U S 4.57 and 4.67, J ® 6 G.L.5. moy be apsigned to the C=1
hydrogen of the Nemethyl-L=glucosamine ring molety, the spinespin
coupling constant is consistent with interactions between an axial and
an equatorial hydrogsn. This assignmcnt supports the conformationanl
diagram (CLXVIII) in which the most stable orientation has the
glycosidic bond in the axial position, the C-~1 hydrogen equatorial
the bulky N—nethylaeetamidé group exists in the equatorial position
and the C~2 hydrogen in the axial position.

Support for the above speculation comes from the spectrum of
penta~acetyl~N-methyl=q{ =D~glucosamine where the anomeric hydrogen
signals occur &s a doublet T = 3.78, 3.88 J = 6 c.p.s., the spin-spin
coupling constant of an axial equatorial system as represented in
CLXVIIIb, between the C-1 hydrogen and the C-=2 hydrogen.

T poor resolation at the lower T values in the spectru of the

dibydrostreptobiosamine darivatives precluded further assignments.
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SUHJLART

The Chomistry of some Streptomycin Derivatives

The histoxy of the chemotherapy of tuberculosis is reviewed, with
emphasis on the newer experimental drugs such as ethambutol, kaaamyecin
and 4,4'-di=isoamyl oxythiocarbanilide. The recognised regimens in
tudberculo-therapy are discuesed briefly in order that the current status
of struptomycin may bYe appreciatcde.

The chemistry of the aminoglycoside antibiotics is reoviewed in
detail, evidence of the recently assigned structures of the neomycin=
paromycin group and the kgnanycins being cited as well as the more
claesical degradation and structural determination of stroptomycin.
Suggasted biogenetic pathways and recent mode of action studies are
noted, the introduction being completed by an inventory of aynthetic
derivatives of %this group of antibiotics.

The remaining points of the chemistry of dihydrostreptomycin to be
elucidated are discussed. This includes confirmation of the configura-
tion of the glyocosidic linkages, and direct proof of the nature and ring
form of dihydrostreptose, the central moiety of dihydrostreptomycin.

Early workers degraded the trisaccharide dihydrostreptomycin with
methanolic hydrogen chloridse into the diguanidinoinositol, streptidine,
and the methyl glycoside of the glucosaminide, dihydrostreptobilosaminide,
the latter is composed of the methyl lyxofuranoside, dihydrostreptose,
linked glycosidically to the hexosuuine, H~methylel~glucosamine., Further
acié degradation, howsver, led to destruction of tho dihydrostreptose and
this was not ieolated.

D=glucosaminides are known to be very stable to acid hydrolytic
conditions, a stability attributed to the positive charge on the amino

nitrogen group caising repulsion of the proton and supressing formation



of the intermedliate carbonium ion. N-Substitution of the methyl
Deglucosaminides with an elestron withdrawing group has been shown to
facilitate glycosidic ocleavagej tho formation of an electronically
neutral substituted amino group, such as tho acetamido group,
apparently allowing protonation of the glycosidic bond. Hydrolysis
of the N-sibstituted glucosaminides, however, is accompanied by removal
of the sibstituting group, and the ratc at which this occurs at the
expense of glycosidic hydrolysis is apparently dependent on the
clectrophilic properties of the sabstituting group.

In this present work dihydrostreptose was obtained from the
L=glacopaminide methyl dihydrostreptobicsaminide by application of
the above theories. The M=(2,4-dinitrophenyl)=(DsP),N~acetyl= and,
Netosyl=derivatives of methyl dihydrostreptobiosaminide have been
prepared, the N~acetyl derivative has been obtained by & variety of
routes. Sanples of N-methyl-D~ and L~glucosamine and some novel
Neacyl derivatives have also been prepared for comparison by paper
chromatography with various hydrelysis produots.

The acid hydrolyeis of methyl Ne(2,4-dinitrophenyl)~dihydrostrepto=
biosaminide has been investigated in detally paper chromatographic
results showed that hydrolyais had occurred with 2N hydroohloric acid.
The hydrolysis of methyl Ne—acetyldihydrostreptobiosaminide yielded a
small sample of dibvdrossreptose, which was charactecised as the free
sugar and the monoacetetc . iethyl N~acetylstreptobiosaminide dimethyl-
acetal the analogous derivative of streptomycin under the same aocid
conditions gave only N-methyl-Im~glucosamine, the streptose moiety being

degraded.




Deamination of methyl dihydrostreptobiosaminide with 1,2,3~indane
trione Bdrate was attempted unsuccessfally, as was cation=exchange
hydrolysis of this compound.

Tnzymatic cleavage of methyl N~acetyldihydrostreptobiosaminide was
also unsuccessful under the conditions tried.

The second section of the thaesis is devoted to glycosides of
dihydrostr: ptobiosaminida. dothods of glycosidation, the Koenigs=Knorr,
the Holferich and the Iischer syntheses are reviewed. Transglycosidatio
the acid-catalysed replacement of the methyl by another aglycone was
attempted with mothyl dihydrostrcptobiosaminide and yielded the benzyl
phonyl, 2-bromosthyl, cyclohexyl, m~-cresyl and anisyl glycosidee. do
mechanism has herctofore been proposed for this sabstitution. An
examination of its relation to the Fischer glycowside synthesis suggests
that the furnnose ring of dihydrostrerctose would fagcilitate th: reaction
and that the ease of glycosidation provides indirect evidence of the
nature of this ring in dihydrostreptobiosaminide.

The phonyl and 2 <bromoethy dihydrostreptoblosaminides have been

tested in vitro against Jvoobacterium tabercalosis.
Huclear magnetic Resonance studies of warious dihydpostrevtomycin

derivatives are also interpreted.



