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SUMMARY

The work already carried out on the chemical modificat:
of naturally occurring antibilotics is reviawed; The reasons for
carrying out these modifications are disoussed. Antibiotics which
have been modified chemioally in mome way include the penicillinm,
the cephalosporins, the tetracyolines, griseofulvin and the
aminoglyocoside antibiotios, inoluding streptomycin itmself. The vélue
of these modifications varies from compound to compound, the most
sucoessful derivatives whioh have been prepared, to date, being the
derivatives of penicillin. Compounds have been prepared which are me
active, which are motive orally and whioh are active against penicilli
producing micromorganisms. Derivativea of other antibiotios have,
generally, been less suocesasful, although valuable information about
structure~antion relationships has heen obtained. The derivatives
of dihydrostreptomycin which are consldered in this thesis are
glycosides of dihydrostreptobiosamine, a dimaccharide aémpoaed of
dihydrostreptose linked glycosidically with N~methyl - L gluoosamine,

The methods avallable for glycoside synthesis, the
Koenigs-Knorr, the Helferich and the Fischer eynthescs, are reviewed.
A modifioation of the Fimcher synthesis was used for the preparation ¢
the benzyl glyocoside of dihydrostreptoblomamine, Quing methyl
dihydﬁostreptobiosaminide as atarttﬁg ma@eriui. No clear mechanism
for thims reaction has so far been postulated and therefore a series.

of reastions was carried out in order to elucidate the mechsanism.
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ot ~ andS- methyl dihydrostrepiobiosaminides ﬁere
prepared and separated in the form of their acetates which were
then used 1o prepare bensyl penta~acetyldihydrostreptobiosaminide
by transglycosidation, The fact that theoé anomer was formed in
both cames indicates that, every time, it is the more stable isomer
which is formed. Direct bensyl alooholysmis of dihvdrostreptomycin
also gavooe bensyl penta~acetyldihydrostreptoblosaminide, confirming 1
theory,

Methanolysis ofoe bensyl-acetyldibydrostirepto-
biéaaminide gave only theoé& anomer of methyl penta-acetyldihydro- |
stroptoblomsaminide,

There is some indication that the.furanose ring of
dihydwostreptose facilitates the reaction, in analogy with the Fischer:
glyconide aynthesis.
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ihe Ohenicnl ?eigﬂifiuaﬁing"m of Naturally Ocveureing intibiotlico

The current era of antibiotie therapy began in 1999 with the row
celebrated observation of Pleming and hie coining the term ponioillin
0 ﬁessigmﬁe the then unidentified anti*nacjterial netabolie product of
the niould Penioillium notatum.’ Since that time an ever-incressing
nunber of cntibiotics have been discovered and used to considershle
effect in the treatment of bacterdal and fungal infectionas Running
parallel with the discovery of new neturally oceurring antibviotics hos
been the chemical modification of antibiotics already known and used
elinically, whose structure has slwveady been elucidateds The ain of
these modifications is two-fold, one, the investigation of structure-
action relationships and secondly the more immediste search for
iaproved antibloties, either more active, less toxic or having )
different antibasterial gpectrum.  These studles have, by necessity, -
baen corried out only on compownds vhose structures arc already known,
henoe comparatively few of the hundreds of antiblotios available have
been so investigated. These, however, form the bulle of antibacterdal
compounds used routinely in olinicel practice to=day.

As will be seen in succeeding psges, in the large majority of
cases, chemical modification has had an adverse, or at least no
honeficial, effect on the antimicrobial effect of the drugss In
gome selected instances; however, notably the penieillins and
cephalosporins, wodification of the antibiotic by chemical means has
given compounds which have considerably inoreaged the value of the
compound elinically,

The successes achieved with these drugs; and the need for new
antimicrobial agents, should encoupage further research on the
chemical madificatien of existing entibioties.
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The Penicilling
!E'ha ;E"irat penj.cinins, discovered by Sir Alexander T‘lemmg in
19?9. were ::m.pimny produced from the mould Penieil}:hm notatun
by suxi‘ema cm.lturag Further investigations | 2 showed. ‘bhut the pmcse@s
of sibmerged. aulmre, umng e, a}wq genun gave pueh. higher yiems at
‘considerably less. Qertg and. b:; 3.946, mcw’t: of the a1 i‘:ml*iea for
i:»m&uasng :gmniai‘i n on & czamemmz aeale had been selveﬁ.
Txspiination of the penicaillm pmdutm& showed thut the snti-
‘bloti¢ was composed of several related gompounds fiﬁﬂign\tea Gy X,
¥ m‘»‘%?’ all having the sane general stmucturel formda (I).

S _~CHg
c

R — ¢co — NH — cH =— cH .
I l \ cHs
c — N — eH — CooH
%
Q
WHERE R = @ cH, — G
Ho_\ ; CHe S X
CHy CH, cH = CH cH E )
CH, (cHa)s cH, K
(1)

. A little later it was shown thet: the yield of any particular
penicillin ¢ould be incpensed by the addition of a particulsr chemieal
to the culture medium, These side-chain precursors, for example
phenylacetic aeid, resulted in & virtually 100% yield of the penicillin
desired, in this cnmse peniocillin ¢, benzylpenicillin.

The first modifications to the penicillin molecule were effeoted by
the addition of various different side-chain preoursors to the oulture
mediuwn. However, the range of peniciiﬁns‘ which could be produced in
this way was strictly limited because only certain chemlcal structuves
genorally monobasie earboxylic agide with non-polay groupings




| (3
(Lece Re CHg COOH), ore eccepteble to the mould for incorpovation as
peniclillin side-chaing.
Purther nodifications of the penleillin molecule were made pnaai’ble
by the isplation of the peniolllin muglend, 6 - 'mﬁ,xm pmieill@nio acid.
(f“-M’A) (rx)

P AN CHz o

NH‘2 - CH — CH C\CHS
| c — N — cL—l - COOH
& oy .
e Q9
(IT)

G-4FA cen bo dsolaled in several weyss In 1950 1t vas snnovnced
thot the ponielllin muelens could be obbained by the action of on enidase
on benzylpends Lillin;q' e amidase involved was formed by o shrain of
Py chrysoszenom, ond eatalysed the hydmlyssm of the phenylocetyl smew
choins  Since then, ol leosst btwo types of anidases have been sshc;wm 5,6 to
oxlet in o varioty of micro-orgenienmss Onb,y ocourring in certain fangi.
and actinomycetos hydrolyses phenoxymethylpenicilling n- m@lpeni.eillin
end n= hepbylpenicillin wore wapidly than it does benzylpenicilling
another, occurring in bacteria of the genera ] sc:herichm ang A:!.ealimeness
hydrolyses benzylpenicillin more wapidly than phenoxymethylpenicillin,

Tookling thoe problom from o different engle, Sheehoin reported T in
1959 that 6~APA had been obtained by total synthesis, ‘the oulmination
of an extensive series of invrw’a:i,; ationsy  Penieillole acid (LIT) had been

' s
7~
R—¢O0 — NH — CcH — CcH \c/CH9
t
¢c\ NH = W — coon
o . oM
(1)

gynthesiged during war~tine work on penic¢iliin, Wt attempts to
révonsiruct the 4 - lectam ring had been frustrated by the ease with




{4)

vhich the altemantive, oxazolone, ming haed formeds The soluticii of the
problem was found in the use of side-ohains, for example, triphenylmethyl,
fron vhich oxezolone foxrmation could not occury tmgj,f-\t}aer with & new ring
elosing ‘agent dloyclohexylearbodiimides ; '

However; since the total synthesis of 6-APA mvo:ma o mmber of
stagen of fairly low yleld, it counld not be used in the commercial
production of large quontities of the compound.

Also in 1960, Noyle and his go-workers 8 inolated 6-APA from
penicillin fermentations which were carried out in the complete absence
of any sido~ghain precursors. It had been observed for some time that
there wors discrepancies between the results of miorobiologicsl and
chemical nseays, end it had beon thought that this diserepancy could be
explained by the presence in the brothk of a penieillinelike material
vithout entiebacteris) proporties. This was shown to be G-APA by
removing the natural penicillins from the fermentetion llcuor by- solvent
exbraction et low pH and trecting the remainivg solution with an excess
of phenylacetyl chloride in the presence of o wesk base, such as sodium
bicorbonate. This resulted in the formation of on antibiotic substance
which wes readily destroyed by penioillinuese snd vwhich behaved similarly
1o benzylpenicillin when chromatographed. - Chemicel analysis aleo
indionted the structure of H=APA.

G-APA wag found to have antibacterial properties of & much lower
order than benzylpenicillin sad the spectyum of setivity is of &
different type. It is destroyed by penieillinese tut at a mwh slower
rate thon benzyipenicilling ‘

The value of G-APA lies in the :ﬁ‘am that the 6~ amine group is
insubstituted and hence amenable to side-chain additions An almost
unlimited vardation in sideschaine is therefore pousible, lenving the
way open for the production of penicilling suitable for a variety of
PUTPOSBS (

Although nataral penmi? lins continue t0 be widely ':;:se& and are
highly effective ageinst many infections, they nonetheless have a number
of drevbacks. These can be sumoarised t%mw@ g |
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(1) Repeated injections of penieillin are necessary to dontrol acute
infection. '

(2) Lorge doses ave necessury.

(3) Oral dosage forms avre preferable to injections which csn be painful.

{4) 'The alerming increase of resistance of staphylococcal infection to
the action of natural penicillins.,

(5) %he increasing incidence of allergic roaction to intremisoular
penioilling ‘

Ponsibly the most pressing of these foilings is the widespread
oppeorance of resistant staphylocoscei. Resistence in orgenisms has
been produced experimentally but olinieally only staphylocoeccal
infeqtiong present any problem, and this has been inoressed by the
fach thet such staphylococed show o tendency to become resistant to
other aniibiotics also. The resistonce of these organisms has heen
found to be due to the ;:rm‘iugt:han'by the organisms of pexxmzi.lli_.nase,m
on enzyne which destroys penieillin by catalysing the hydrolytic opening
of the,®«lactan ring of penicillin with the formation of inective
penieilloic acide The ayntheaea of penicillinose has been shown, in
some bacterie, to be induoible, ocourring ab a greatly increased rabe
when the cells come into oontact» with penieillin. ’

In ord,er, therefﬂx ey %0 Qrepcme penicilling which were agtive
orally, res&stant to penici.nimse and vhioh showed no cross-resistance
with the natural penicillins, the following methods were adopted in the
produgtion of new penicilling from 6-APA,

(1) reaction with an aaid chloride in aemi-agueous or anhydrous medie;
(2) reaction with on acid anhydride or nixed anhydride in semi-aqueous
| nediag
(3) resction with an acid in the presence of o coupling agent, such as
HyN! = dicyelohexylearbodiimides
(4) resotion with an agtivated derivative of an acid in the presence
 of un auidase eNnzZyme .
Of the mmerous peﬁiaillim synthesised, the firet to be introduced
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clinically wag Ge(x= phanawpmpiammido - ) penicillanic acid or
phenoxyaﬁhylpmﬁeillm (:t‘f)

s
— o-—-cH---co—NH—-cH — eH s e

H . ‘ l \ CHB

3 € =— N = CH— cOoOH
P
Q

(xV)'-

The nmain advontege vhich phenethieillin has ovar"henaylfgmni;‘aﬂlin -
ig thot it has a high resisience: fo decomposition by aeids and is.
therefore sultable for oral administration. fhis ie also the cese with
phonoxynethyleenicillin origindlly prodiuced directly by fermentsiion
although its stability to acid was not venlised until laters

Attention was then turned towards the production of a penicillin
vhieh would resist inactivation by staphylococcal penicillinese.  One
class of penielllins possessing this valuable property was ifeundlg by
aeylating 6-APA with aronatic w»'héter‘oammtic carboxylic zggsid-
chlorides substituted in both ortho positions vhen the’ ring structurve
of the side-chain was G~menbered, almost eny pair of ortho aubstituents

conferred merled. stabil ity towarde penicillinase, bubt when it was
Semembeyred, one or bo*h of the substituents hed to be mlm:wely ‘ulky,
for exauple, phenyl or substituted phenyls Suoh findings illusirate the
primory impowtence of steric effects in determining otability towsrds -
penicillinose,  In this respect, the chemicol constitution of the side=
chain is of much less significence, although it has a profound influence
on antibacteriel activity ond on stability to acids.

Bxaminstion of three dimensional structure of penieillin (V) ahowsw
1hat the aslde-chaln can indeed assume a position close to the A » laptanm
ring so that o ulky sidewchein will sterically hinder the lactem
carbonyl groups
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Clly , CH3

[N COOH

(v

The first compound to be synthegised as a result of this work 12

wag 2,6 - dimethoxyphenylpenicillin (VI), (Methicillin).

4 S
QCHz / ~ - CHs
CO = NH — CH — CH c
| ]
OCH, C —— N —— CH — COOH
& .
o
(vr)

It is very effective in staphylococeal infections but it is
unstable to acid and poorly absorbed whon given orally and hence must
be administered by intramscular injection. 14 Since the bsctericidal
acetivity of methicillin is slower and less complete then thoet of
benzylpenicillin ageingt straine sensitive to both drugs, in this
respeet mothicillin has no advantage over benzylpenicilline. The great
velue of methicillin lies in its ability to resisit penicillinese, even
with large innocula.

Later, 12 a sovies of 3,5 - disubstituted 4 - iso - oxazolyl
penicillins (VIL) were prepared, many of which, especially those with
one of the ortho substituents a phenyl or substitubted phenyl and the
other methyl or other alkyl, exhibit high antibacterial activity both
in vivo and in vitro.
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/3\ /CH

o R” I I l °

¢ — N — —
» | CH COOH
()
OXACILLIN  WHEN <IN ©_
| R = CHy —
(v1z)

Since they are also siable at low pil valuen, they are therefore
sultable for oral administration, and are well sbsorbede

One disadventage shared by all penicilling described so fax is
their lack of sotivity against gramenegative orgonismses  This
disadvantage has been overcome by the introduction of O « amino~
phenylpenicillin (VIII) (Ampicillin).

O—CH — CO — NH— CH — CH <~ cn,
| ‘ | l |

NH, ¢ —— N —— CH—cooH

&

(VIII)

Ampicillin possesses bacteriecidal activity agalust a wide range of
organisms, 13 In its intensity of bactericidel action it remembles
benzylpenicillin, but its range, in terms ofﬁthera@emtisally obtainable
concentrations, is much wider. The range is comparable, in fact, to
that of the 'broad spectrum' antibiotics such as the tebracyeclines and
chloramphenicol, which sre essentially bacteriostatic and have a lower
intrinsic activity. However, many gram-negative ovganisms are
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penicillinese producers ond sinee aupleillin, unlike methicillin,
is destroyed by peniecillinase, theore will be some gram-negative
organisms vhich are not susceptibles
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#he Cephalosnoring

The cephalosporing were discovered initially by Brotzu in 1948,
iamolated from a fungus, Cephalosporium, found in the sea near o sewage
outfall off Sardinte.)’  Brought to the notice of British workers, the
compound cephalosporin « N was isolated, and its struoture elﬁdﬁ.da‘géd.
Gephalégpor;n « N was showm 18 to be a penicilliin derivative, ”

(D - 4 - anino - 4 carboxytmtyl) pemicillin (IX).

N s« cH
3N . ~ NG / 3
cH (CHZ>3 - €O — NH-— CH — cH L\:\cH
-/ | I 5
00’ S T N — CH-—COOH
o
{x)

- Tho polar groupsin the sideechain of cephalesporin - N glve 1%
exbremely hydrophilic properties with the result that 4% has o vange of
antibacterial properbties quite diffevent fron the conventional penicilling,.
Tt hes less than 19 of the activity of benzylpenicillin agninst
Shaphylooosons oureus tuh io consldersbly more notive against Splmonells
Lyphi and othew gram-negative orgaaisms, Acylation of the amino ,::,rrsixp,
rendering the side-chain nonspolar, incresses the activity sgainst
Shophyloconeus while veducing activity againet Salmonellss Hence
wadical chonges in blological properties dan be bronght about by certain
chenges in vthe side-ohain of the moleoule, as has already heen
domonstrated with othey derlvetives of penicillonic acid.

Gophalogporin « ¥ was found to be rapldly destroyed by penicillinase
at it wes noticed 19 that partially purified saiples of the anbibiobic
were contaninated by a compound which possaessed some activity but vhich
was unaffected by penicillinase. Thins compound, designated cephalosporin-C,



(1)
g shovm, to contain a fused /3 ~lactan-dihydrothitzine ring

systen (X) in place of the fused g -lnctem - thiazolidine ring systen
of the penicillins.

20,21

; : S :
4 a’ 2’ N - /s oS
5 cH — CHE-—-—- CHa— CHE—-— CO-7 NM — ¢cH — CHS® 2 CHa
| |
C —— Ns 3 (‘_‘------C:Ha Q COCHB
4 N 4 7
° T
COOH

(£)

The sodium salt of cephalosporin « € was found to be even less toxic
to mice then sodium benzylpenicillin. Its mode of action iz similar to
that of the penicilliney bringing sbout the lysis of ataphy)ocoeai a.nd.
appesring to inhibit the synthesis of the staphylococcal cell walla.

It is o powerful inducer of penicillinase by Staph.oupeus and D.cereus
Tt 1is rate of hydrolysio by penicillinage Is about 5,000 tines smaller
than that of bonsylpenicillive

Cephologpordn =~ ( is therefore as netive in vitro againgt

peniciliinasesproducing strains of Siaph.ourens os against streine thet
ﬁ.o not produce penicillinasse. However, it hos a low sclivity, aboub
0% of that of benzylpenicillisn and it geemed worthwhile to explore the
possibility of oblnining » devivative of cephelogporin < ¢ that reteined the
regigbence of the porent compound to penicillinase, but showed o much
higher activity against stephylocccei. Hince benzylpenieillin was more
then 100 timee as sctlve as cephalosporin -~ N 2gainet penicillin
seusitive straivae of Biaph.ourenas, it was thought probable 12 that o very
Jovge lpexcase would vesult from an exchange of the K « aminondipyl side-

choin in cephelosporin « ¢ for a side~chain derivative from phenylacetic
acdidsa  The side=chain was successfully removed 23 from cephalosporin-
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by mild seid hydrolysis without affeécting the rest of the molecule,
and although the process gave & low-§ield, it enabled the nucleus of
cepholosporin - G, T- aminocephalosporanic acid (7-ACA) (XI) to be
isolated in a2 pure form.

AN
NHE"‘- CH = CH CHa
| | |
o c
, N\C//\GHEO co cH,
)
|
COOH
(x1)

Acetylation of T=-ACA with phenylacetyl chloride yielded a
deriveative several hundred times ag active as cephalosporin - ¢ and
about one fifth as active o8 bensylpenicilline. However, unlike
benzylpenicillin, the derivative was highly active in vitro against
atrains of stephylococeus that produced penicillinsse. '

The yield of 7-~ACA from acid- or base-~ catalysed hydrolysis had
been limited by the lebility of the moleoule under these conditions.
A wild selective cleavege of X -~ aminocadipylamide was thought 22 to
rasult from s reaction in which the intramoleoular interaction of the
anide with the G~ 5' centre in cephalosporin - € eould ocecur.
De~amination of cephalosporin - C and cleavage of the amide occurs
under mild conditiong, since treatment with excess nitrous acid in
agueous acetic seid solution gives 2 moles nitrogen per mole
cephalogporin - Ca  The second mole of nitrogen presunably arises
from reaction of the reagent with T-ACA. With anhydrous acetic acid
and nitrosyl chloride T-ACA wos isolated in 7% yield, the yield
inereasing to 40% when oarried out in formic acid, vhich is a better
solvent for cephalosporin « € and has a greater volatility. By thise
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method, practical quantities of T-ACA, for the preparation of acylamido
- gephalosporanic acids, can be produced. . |

A large range of I - acyl derivatives of 7-ACA have since been
prepared 24 by reaction of T-ACA with the appropriate acid, acid
chloride or mixed anhydﬁide and isolated as the sodium or potassium
galt or as the free acid.

Comparison of the bensylpenicillin bio-assay of the cepbalosporins
ond their penicillin congencrs 25
Such comparisons afa valid sinece the eancenmration/aetivity curves of the

revealed some lnteresting correlations.

cephalosporing and benzylpenicillin are parallel.

The activities of the cephalosporins roughly poralleled those of
the corrvesponding penicillin, except that the cephalosporins were
unifornly less active. fhe side«chain structural reguirements for high
activity asgainst a test organism for both cephalosporins and penicillin
are gimilar. Certain exceptions to this generalisation do ocour bub study
of & larvger number of cephelosporins indicates that the trend is quite
consistent. The most active group of compounds were arylmercapiozcetyl
and alkylmercaptoacetyl derivatives, and the next potent assemblage was
gomposcd largely of aryloxyocotyl, arylacetyl snd heterocyclic acetyl
amnides. Uniformly pooy antibiotics resulted when T-4CA was acylated
with aroyl and carbonic acids.

Modification of the more active compounds by branching ot the
X » garbon consistently lowered activity amd double brenching reduced
acbivity still further. Similer offects have been observed in the
ponieillin series.

Mixed effects resulted from ring substitution in the aromatic sldee
chains. Ho enhancement of activity resulied from avomatio substitution
in the arvyluercaptoacetyl cephalasporinss however, considerable increases
in the potencies of the aryloxyacetyl snd arylacetyl cephzlosporing were
the consequences of appropriate substitution. An n - chloro substituent
doubled the activity of both the phenoxyscetyl - and phenylacetyl -
cophalosporing, although it had no effect on the phenylmercaptoscetyl -
cephalosporina. The preceding may be contrasted with the effect of an
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o ~ methoxy group which reduced the activity of all three groups of
compounds.

Enzymafie cleavage of the Q - acetyl function gave antibiotics
which were, at best, only half as active as thelr precursors.
Cyelisation of the déacetyl ~ cephalosporin to its lactone increased
the potency to the level of the acetyl compound.

Tt is thought that the low activity of cephalosporin -~ ¢
derivatives in vivo ig due to the fact that in man the acetyl group
ig metebolised off.

It was found that in neutral agueous solution, cephalosporin - G
reached with pyridine to form & new compound with antibacterial asctivity.
The acelyl group of cephalosporin - ¢ is in an ellylic position and is
hence susceptible to nueleophilic substitulion with bases such as
pyridine and it is thought thet the formation of the unew compound involved -
digplacement of the acetyl group in cephalogporin - ¢ by a tertiasry base,
followed by conversion to the quaternary derivative.

The higher activity of this group of compounds is abtributed to the
fact that the basic group is not metabolised in the same way ag the
acetyl groupe

Although their activities toward penicillin -~ sensitive
gtaphylococei varied considerably, the cephalosporins were congistently
effective agaiﬁs‘ﬁ ponicillin-resistant strains of these micro-orgenisms,
except for those cephalosporins with very low activities.

Susceptibility of grame-negative organisms o cephalosporins was
limited to a relatively small number of compounds. The thiophene - 2
~ acetyl side-chain was the most outotanding of an initial series of
cephalosporins. Other acid radieals related to the thiophene = 2 =
acetyl showed gramenegative activiity. - A number of hale-mﬁisﬁituted
low meleculay weight aliphatic acide likewise imparted gram-negative
activity 4o their cephalosporin conjugates. 'The deacetyl derivative
of 7 = (thiophene - 2 ~ aceitonido -) cephaiaspomnic aclid possessed
less grem-negative activity thon did the pavent compound. Apparently,
presence of the acelyl function is necessery for significant polency
against bthese bacteria.
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Extended olinical trials have been carried out on 7 - (thiophene
- 2 = goetouwido) - cephalosporanic acid, the sodium salt of which has
been given the generic name cephalothin. (XXL). It was found to
inhibit the growth of Proteus miveb i1s, Hecheriohis coli and Klebsrella
but to be inactive against Paeudomonss. No toxie¢ side effects were
noted. :

T 1 H ~ = en
. —_cO0 — NH —cH — C 2
. CH,— C | ! ' | |
c — M c cH, @ O CH;
7 ™~ Z
o c
\
COOH
(x11)

& cophelooporin derivative which has recently 26 ‘been made available
commeroially ee Geporin, is cephalodrine, 7 - { {2 ~ thienyl) -
acotanido) = 3 = (1 = pyridylmethyl) = 3 = cephen « 4 = carboxylic acid:
betaine. (XITL)
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It ig e broad spoctimua antibiotic of low toxicity, active agminst
Stavh. purens (including penicilliin-resistant straing), H. coli end
Solnonelle spp. It hos baen shown to be more active sgeinst
Stopheoureus thon ampioillin, tetrecycline, chloramphemicol or
methieillin,
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Fhe Petwacyclines

The history of the tetracycline fonily of antibiotics began in 1947
with a discovery of thﬂ:i*te'bmcyamm,a? o potent, broadespectum
antibiotie effentlive against o wider sange of pathogenic microeorgoenisms
then any agent in use up to that times A few years later, the second
menber of the series, oxyteiracyeline, was discovered 23 and introduced
t0 the nedical proféession. In 1953, the 'purent' compound of the series,
tetracyeline, wus discovercd 23,50 and rapddly becsme the bebracycline of
cholces 'Mls latter compound may be prepaved either by fewmentation or
by cetalytie dehnlogenution of chlortetracyeline. In 1957. o new strain
of Gireptomycon curgofagiens was found P hioh produced & new closs of
totracyelines, those lacking a methyl group at the € « position. One of
thia labter group, € - demethylehlortetracyceline is the most recent member
of" the sories to be produced in guantity and used widely in {the practice
of nedlicino.

The chemical structuves of these compounds weve, of course, not knowmn
during the first years of thelr use in medieine, but were the subject of
intensive investigation durdng the early 19490%'s.  The first structure of
the serdes 1o be elucidated was that of oxyteteacyeline (XIV), 52
folloved 22 later 4n 1952 by that of chlortetracyeline (XV).
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Baded on this foundationy the sitruotures of the other members of
the geries followed vapidly.

The number of noturally ccourring or. bioaynthmica,lly pmduaed
tntraovclmes is not large, the five: compounds: already mentioned
(ehlmtaﬁmeyﬂim, mqr'be‘bmeyclme, tetracyeline, 6 « demethylehlor=
tetracyoline tnd 6 « déenetliyltetracyeline) being the most importent ones»
T - ’brmuatentmwc:}.ina, & highly acbive compound, can 913:: be produced
by mnplying bmmma ion and excluding chloxlde lon dn the fermentation.
ALY the above csompoun&a are highly potent antibasterial agenta, Studies
of the meltbolism of mitent strains of streptonyces have ab times
produced compounds veleted siructurslly to the tetraoyelines tut having
little or no sntibacterisl sctivity, for azampia,34‘ﬁ » agetyl » 2 -
decarboxenidotetrasyeline (XVI) having
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& methyl ketone in plage 6f the covboxamide group or ‘jés(ila,) -
aehyaraehlertetmoycnne (XVII) containing one double bond in addition
to the nomal unsaturation of the tetmcyclmefs-w

(C Hs) a2

OH

CONHe

(xv1z)

In addition, there sro a number of more distently related compounds
produced by different streptomyces. These gulnone pigments differ from
one encther by the number and position of oxygen functions and by the
sugareg which are atbtached yis glycosidie linkages. Members of this
group have heen fsolated by a number of different leboratordes and in
gome cases the nemes are overlapping:  Although these antibiotics show
nctivity as antibacterial ogents in yitro and, in some coses, antiviral
ection has been claimed, the lack of further published biological testing
or clinical dete tends to indicate that for one reason or snother they
ore not clinieally useful compounds.

Compared with the biosynthetically produced tetrasyelines, the
chenically modified derivetives are roather more numercus, ILarge numbers
of compounds have been prepered from the naturslly acaur:ﬁin{; compounds,
both for the purpose of studying structure-action relati'onsmpa and, more
important, also to find gompounds which have higher activity or hove
sotivity sgainst a different spectrum of micro~organisma.

The derivatives which have been prepared och best be discussed in
groups according to the modifications which have been carried out,
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(1) Moaification o the Stereochemistry.
he stereochemistry of the ﬁatmcyulines v.ms finelly elucidated by
at least two x-woy orystallographic studies, 36437 although partially
detornined by chemical méans, Tetraoycline has five asymneiric centres
and at least some information is aveilable as to the configurations
required for biologleal activity;atrthréaggfﬁﬁhéaewQentraa‘(XYIXE).

N (e

;e HO ._.CHg

7/ OH
e =°
| ! [ J | ?
o ) OH o Ha :

(xvrzz)

- Posdtion 4 cen be ?ﬁimﬁr&aé&;??i@i@htgmeat“aaaa*and‘ﬁulutimnm of the
antibiotie at intermedinte pH ranges eventuolly resch a stable equilibrium
mixture containing approximately 50 of each epimers Uhe 4« epitreta-
cyclines have o low activity and oven this is probably due to reconversion
to & normal tetracycline during the sssay. Although position 4 is the
bnly eaymmetric position that cen be epimorised directly cotalytie
reduction of Ya (1lg) = dehydrochlortetrseyoline; o produet of one of the
matant strains of Btreptomyces, produces. 39 a nixture of tetracycline and
50 = epitetracycline. The latbter compound is nearly devoid of mctivity.
All of the biosynthetically produced tetrscyclines bear a hydroxyl group
at position 6 which dan be rvemoved by hydrogenolysis in acidie conditions,
using 2 palladiuvu-charcoal csz’halyst. 40 It has been shown 41*:11&1: thig
hydrogenolysis inverts the Oemethyl group, thus producing 6 = deoxy = 6 =
epitetracyeline. Although there is a quantitstive difference batween the
normal end epl form of 6 ~ deoxytetracycline, both are potent antibacterial
subgtancen.
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(2) Modifications to Rings A and B,

The carboxamide group in the 2 - position has been oubjected to
‘several cheomical changes, one being the simple de;hyd@atian to &
nitrile,*? vhich s completely inoetive. freatment of the
tetracyelines with fermaldehyde and a primary or secondayy emine
zives 47 eminometnyl derivatives (XIX). These cowpounds usually have
the property of inereased solubility in water over a broad pH range.
However, such & chemical iink is very liable to hydrolysis and it is
probably this ready hydrolysis back to the parent compound which
agcounts for the biological activity of these compounds.

N (CHy) 2

COMM CHy NRz

(x1x)

The dimethylamino growp at position 4 can be epimerised os already
described, it ean also be quoternised ™ by troatment with methyl iodide,
or it con be replaced by hydrogen by a zine/ncotic acid meduction of the
mothiodide. Fach of these changes wesults in either greatly diminished
or complete loms of activity.

The hydroxyl group at position 12, which bresks up the conjugation
of the 5 A » dicarbonyl groups thus proventing one contimous chromo-
phore, is o gxau;@‘ measaary for biological activity. Flimination of
this group mey be sccouplished either by reduction with zine and smmonium
hydzroxide 43 or by catalytic hydrogenation of the 12w0 formyloxy
derivetive, 46 These intermediate 12-a moyloxy esters have full
viologicel activity, but this again is thought to be due to the extreme
ense with which hydrolysis of the ester groups takes place. Also
derived from the 12-a acyloxy sompounds are the 4-a (12-a) anhydro
derivatives, prepared by pyralysia.fw These compounds possess minimal
entibacterial properties.
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Position 1la cen be substituted by halogenation 48,49 which breaks
up the 3 = ﬁi!;e,térie gonjugation of the BOD chromaphorey Very little
bas been published on the blological activity of these compounds tut it
is known that certain of them are readily reconverfed into the otarting
material under very mild reducing conditions, end this uay only be
angther example of sotivity due to regensration of the parent antibiotio
'emaer biologmai canai’biona.

(3) Modifioations to Ring ¢

Some of the esrliest otudied chemloal modifications of the tetra-
eyclines involve the 6 - hydroxyl group of ring Cs  Strong acids induee
o debydration to the suhydrotetrasyelines 22 involving this hydrexyl
group and the Sa hydrogen, thus ereating o naphtholene wing systems On
the other hand, in alkeline solution, the 6 = hydroxyl group participates
with the 11 ~ ketone cleaving the 11 to 1lla bond, and forming a new
lectone ringy giving a type of compound ocalled an isoteiracycline (x2)

CHy N (CHs)z

OR o o NHF 2

(x%)

Both these modifications cause a severe loss of sobivitys Several
other modifications of the 6 « position have been scdomplished, however, -
wvith retention of biologleal activity. Uhe 6 - hydroxyl group cen be
replaced by hydrogen, as deseribed earlier, ondy as alicady mentioned,
if o methyl group le present its configuration is inverteds In addition,
the 6 w» deoxy « 6 & metmlenatetmoyclmea, prepared: "G ‘vig the 1la - hele

w 0y12 « hemiketals, have been added to the list of wariations possible at
this position. Also, 2 number of new compounds hove been prepared Al by
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adding vavions thio compounds, such as benzyl. mereeplen or thiophenol,
%0 the double bond of the methylene derivative. All these modifications
give highly active antibacterial sgents.

(4) Modifications o Ring D.

Although o few blosynthetically produced tetrooyclines have a halogen
substituent on ring D, most of the compounds so substituted have been
propored by chemical modificetion. Substitubion in the avomatic ring D
usually requires the presence of strong acids, conditions which induce
dehydration of the naturally produced 6 - hydroxy compounds. Thus it
was the discovery that the 6 - hydroxyl group could be removed by hydro~
genolysis and the resulting 6 - deoxy compounds retained the antibactorial
properties of the parent antibiotics that stimulated the preparation of o
mugber of 7 ~ and 9 - gsubstituted derivatives. Tor example, 6 ~ deoxy =
6 - demethyltetracyclines can be nitrated in concentrated sulphuric acid
to yield a mixture of isgomeric 7 -~ nitro and 9 - aitro compounds each of
which can be reduced by stondard procedures to the corresponding amino -
derivatives: The amino-ietracyclines can be converted to diazoniun
compounds by treatment with nitrous scid 52 and the diazonium group can
he replaced by a nuwber of different groupss In addition to nitration
to introduce substituents, halogens may also be inserted 91,32 5nt in this
case only 7 ~ substitution cccurs. Disubstituted derivatives are also
wellnknawn,ﬁgawing elther the same or different substituenis in the 7 and 9
known and thelr amtibacterial properties measured.

Although these different derivatives differ quantitatively from one
snothor in biological activity, «ll of them fall into the active category,
with the exception of those having a nitro group in the 9 - position.
The nitro group in this powition is thought to hydrogen bond with the
ortho phenclic groups thus changing the hydrogen bonding end enolissbion

positions. Thus a large veariety of compounds of this type have become

of the BCD chromophore, and cousing a loss of most of the antivacterial
activity. On the other hand, 7 =~ nitro - 6 - demethyl - 6 - deoxy
tebracyclines hos the highest in vitro activity of any of the derivatives
g0 far reported, being about seven times as potent as tetracyeline. This
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ratio is mot repeated on in vive siudies, however.

Thus by modification of the tetracyeline molecule, it com be showm
that substituents at positions 5, 6, 7 end 9 can bo altered with
rebention of setivity. Other substituents on which chemges iﬁsm be
nade, for example, the 12-n fortiyloxy or some of the ll-s holo
"cbmpounda probably reatain asctivity becouse of their ready conversion
back 4o the pavent antibiobic.
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Chioremphenicol
‘A
Chloxamphenicol ves originally igsolated 95 in 1947 from the culture
filtrate of an actinomycete found in the soil in Carecas, Venezuels,

later designated Streptomyces venezuelae, and wes also elmost
simltancously isolated 94 from the same orgenism in Illinois.

Its structure was established, 2 in 1949, and confirmed by
synthesis, %6 s D(=) threo - p - nitrophenyl - 2 - dichloro - acetamido
~ 1, 3 = propanediol (XXI).

| l ,
O, N Cli —-c;f. — CHp OH
O ko

(X41)

Chloramphenicol has an unusually broad range of antibocterial action,
low toxicity, great stability and effective absorption from the intestinal
tract. o1 It weg found 4o be of real value in the treatment of rickettsial
infections and in typhold fevor.

Dering investigations on the mode of setion of chloramphenicol a large
mmber of derivatives were prepared in order to clucidate the essential
gtructural reguirements for the anti-bacterial acbivity of the drug.

For the purpose of discussion, the molecule bhas been considered sas
three parts () the propanediol moiety, (b) the dichloroscetamide side~
chein and (o) the p ~ nitrophenyl group.

(a) The propanediol moiety.

X~ray cryotallography has shown o8 that in its crystalliné form the
two hydroxyl groups of chloramphenicol approach each other closely, with
the formobtion of a strong hydrogen bond, hence forming a G-membered ring.
While this probably does not ocour in solutlion, some chloramphenicol
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derivatives have been aynthesised which possess stable six-membered ring
shrmctures closed bys 595 60,61
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The eyelic carbonate; sulphite and phosphite are active antibioties,
while the cyolic phosphate and the 1,3 = dioxene derivatives sre devoid
of activitys It is suggested, however, thob any sctivity is due to the
renkoration of the originel chloramphenicol molecule in the sysben,

Structural chonges thet affect the character of the hydroxyls ss
free functional groups, for example acetylation or roplacement of
hydrogeny or alter the length of the propsne residuse, 60462,63 tend to
reduoe aetivity.

In ohloremphenicol, the sterie configuration of the substituents
. attached to the propane chain is of kéy importance for activity, Two
asymuetle carbon stoms glhve rige to two pains of stereoicomers all of
' winioh have been syntheaiﬂeﬁ (X%ET)e
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the B(=) threo dsomer, chloremphenicol, and the 7{+) eryibro isomer,
'_sligﬁﬁty hacterioniatic 4o a nunber of oxgonlens, bave the hydroxyl
geoup attached do carbon G-l din an identleal position relative 4o the
plane of the agymmaﬁriﬁumaw%an atomss In conirasty the other pair of
stereoisomers %re'iamga;y devoid of acbivity. Ghere la, howevery a
fiftyfold difference botween the activity of the D(») threo dompound
aud the L(+) erythro compound, indicating the ijmportance of the
gtereochenistey at carbon -2,

(1) The dichloromcotenide sidewchair, |

Howe than ope hundred chemical variations of the accotanide sides
chain bave been reported. 65 Although date on the antidlotic properties
of these dexivatives is scanty, 1t appearz that the principal factors
that determine hielogieel activity are the molar volume ond the
glectronegativity of the seyl substituent. o ‘

It hos heen pointed oul 62 that the stretural reguirements for
antibiolic zetion are partlenlsrly rigid for the anyl side-~chain end
thet the size of the dichlomoavetyl cationie head i3 of eritieal
Juportances  The preparation of acmmaunéé-in vhnich the terminal
electronogative substitusnts hove been meintained bud in which the size
of the acyl residue has been altered sppreciebly indiestes that en
inerease in the molar volume of the heed of the sideechain lsads to the
losa off antibloile activity.

Desplte rather wide variations, 1t appears there is also a rough
correlation between the electronegativities of the aoyl subsiliuents
and the antlbacterial sotivities of the substituted chloramphenicol
derivatives, provided that the nolar volumes of the substituents are
keopt withdn narrow limita. Tt seams thai s deaxvaaa in electrbnegaﬁivity
tends to parellel o decrease in antibiotic aa%iviﬁy¢ '

The presence of the halogenavyl side~chain ns such is one of the
prevequisites Por extlbiotic action in the chloramphenicol sdries,
hydrolysis of the anide bond ylelds o base whose aciivity is less than
one fftieth of that of vhlovsuphenicol. » 5 he anide linkage 1tself
sleo appears %o have s functionsl slgnificance. Suhstitution of a methyl
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grovwp for the amide hydrogen atom or for the hydrogen aton attached to
carbon -2 of the propane molety leads to o losa of activity. 60 It
%0 4pet this wowld hinder sterically s coentisl
Juxtaposition between chloramphenicol and its site of action.

has been suggested

(¢) The p ~ nitrophenyl group.
The appeoarance of the nitro group in bilologleal substences is qulte
66
t0 be of
key importence for the antiblotic action of chloramphenicol until it

unnsual e jonsequently the aromatie nitro group was thought

became known that varietions of the para substituent yield compounds
with & wide ronge of ontibiotic activity. Iixaminetion of these
compounds together with the relative electronegativities of their pars
substituents shows o dirvect relationship between activity and the
electronegativity of the substituent. For example, the nitro grouwp
with a relative electronegativity of 37.0 has a biological activity of
100% vihile the methyl group hoving sn electronegativity of 4424 gives a
chloramphenicol derivative with a negligible biological sctivity.

This effect is thought to be due to increansed resonence in the ring
ceused by substituents of higher electronegativity. _’l‘his hypothesis is
consistent with the observation that para substituents of less electro-
negativity but known ability to teke part In p « quinoid type of
stractures, which contribute to the actual resonance of aromatic
molecules, con give rise 4o chloramphenicol derivatives of extremely
high biologieal activity. Yor exemple, a number of biphenyl derivatives
show very high activity. Conversely para substitution by the more
eleotronegative phenoxy or phenylmercapto groups, in which conjugzation
through both rings iz much less important results in derivatives of
considerably lower antibiotic activity. 61

There is also %empfi.eﬁe knowledge concerning the influence that
chonges in position of the electronegative substituent might have on
the activity of chloramphenicol. The meta nitroisomer has been
reported t0 be devoid of activity, while for the ortho isoner, ¢a no
activity data has been published.

The information discussed above has shown that & number of
structural features of the chloramphenicol molecule have speeific
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fufluence on ite antibecterial action, as a result of thin analyeie,

a genoralised structure (XLIEX) has been formlated 69 which embodies
the astmictural fontures essentisl for the sntibiotie action of compounds
of chloremphenicol type, end which indicates the points at which
specific kinds of chemical variations will cause predictable medificn-
tions of {he entibacteriel activity. It should bo noted, however,

that no chemical derivabive hay heen nobed which surpagses slemificantly
the antibactorial activity of the natural drug ltself,
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Gxdscofulvin

friseofulvin is o fermentation product of three species of
Pepdeililum ¢ Pegrisecofulvun Dievek Xy P, janczewslki and P. painiun.
14 was divcovered '° by Oxford, Reistrick & Simonart in 1939, but its
antifungal properties were unnoticed until the late 1940%s, whon thoy
wore deseribed by Brian and his o mrkamon They noticed that in
low concentrations, griseofulvin produced excessive branching with
considerable distortion of the hyphal elements of a number of fungal
species including Botrytisg oliis. The gtructure of griseofulvin was
then investigated and shown 12473 to be a coumsrenone derivative,
(25,6 'R) 7 = chloxg = 4,6,2' = trimethoxy « 6'= mothyl « gris « 2!
-ene = 3,4 'dione (XXIV).

AN~
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Tt was found that other varieties of Penieillium,. namely,
Poralstrickis 74 and P.nigricang 5 were nlso capable of producing
griseafulvin. No-one attempted to useé the drug eliniecally until
it was found, in 1955, that griseofulvin in ;vi‘bm inhibited the growth
of mony pathogenic dermstophytes, and it vas even later that Gentles,m
after infecting guinen pige with Merogsporun cenis and Trychophyto
menitagrophytes, demonstrated the in vivo affea‘b of griseofulvin when

given orally. He adminlsteraed the drug in doses of 60mg./Kg.. an
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noted thet in the treated enimels only the tips of the baive
f‘iﬁbﬁcia&& u:’niéiar filtered ultrawviolot light and that on miedoscopie
exanination the ciamawph:f'm could be found only in tho portion of
the hair ahaft that fluoresded,

Sinue %hezz griaeafulvin has been v*iflely used in the orél treatment’
of sugarfiem}. aemat@am:oaes due to species of Urichophyton and |

wsgog}g 2 and ale due to Eplderpaphyton flocoosum but; has 1ittle
as.‘feq:fs in deep mycoses end hds no antibactorial action.’ T

:ueamorgrieebi‘ulvin ocours 78 to some extent in normal media bul |
can be ﬁmduca& in’ largar ‘quontities in ahlaz*iae-nﬂemciem mediae’
ﬁromgrismmlvin hms been isolated 7 fronm & mcmm grown in a maaium
c:entamiw brontde inatea(l of ehlopide.’ Both ove less active than
the pdmmz eam@ound.

A wide r'mga of griaaofnlv:in derivatives have been preparéed in an
mtampﬁ to find a more setive m*b:.fumal agents  The modifichtions
wirlch lave been carried cmt inslude 446 & 2! alkéxy derivatives and
vorious mlog,en aierimtivas. 80-84 -

Phe 2'~ n « propyl snd n - bu:tyl nomelogues couse helicel waving
of the fungal hyphae at concentrotions less then one twenbieth of the
miniml of fostive canczentm‘oion of griseofulvin, However, neither is

good as {grisaofulvin vhen adninistered systemimny o plante for
mﬁwﬁmégal protection, ‘

t‘)’v‘ar‘ 56(3 an@légﬂeé bi‘ gr'iséafuiﬁﬁ have ‘f)een év;aiua.ﬁeﬂ 85 ‘by
m& ;plam paﬁbagenio :mngi. mme of the analogues vas fauné to be
aetive agoinst bacteria or yeasts. linhancement of aotivity relative
to that of griseof‘ulvin was usually «apec;ific to one or a few species,
emepi; in the aage of 2t w~alkoxy - 3' benzyl griseofulvin analogues,
of vhich the nost »actiw menber 2' - ethoxy = 3' benzyl griscofulvin
hod greater activity thon griseofulvin sgainst all ‘mi one of the test
fungi. TPurther increase in the length of the alkoxy side-chein first
made more specific then increosed anti-funsel activity and then reduced
aotivity ageinst all test fungi.
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Increased sctivity cgainsd the plent pathogens predominated over
erhonced action ageinst dermatophytes.

Qombination of ‘the nore actlve substituents at the 3' position
with the more active groupgs at the 2' positlon showed a potentiated
responsa in gseveral snaloguss: gsome of the analogues of this type
ex;miterz cxoeptionally high specific activity in the hyphal-curling

est on Dezllid, the 2' « utoxy - 3' = brom, 2' - propoxy - 3' » iodo
end 2' - propoxy ~ 3' - benzyl amlugues being more then 500 times e
sotive as griseofulvin.

Most replacements ot eny other position in the griseofulvin
moleaule diminished anti-fungal activity relotive to that of griseofulvin,
bt o few of the 4 « or 6 « alkoxy antlogues of griseofulviu geve improved
performance against some species in vitro, although the snti-fungal
spectrun was limited. Demethylation at either the 4, 6 or 2° positions
grestly reduce the antl-fungal action of the anslogues

Tt was noted thet theve was o tendency for the 2' - alkam
derivatives to accwmlate in plant roots, so that only 1% of the dose
reached the shoots, 86 It has been suggested that the low water
s0lubility coupled with 2 high oil/water portition ccofficient might
diminish movement in the transpiration strean and lend to aceuwmlation
in the lipid of plant woots iles the physicel properties contribute
considerably to the activity of griseofulvin analogues.

Stereochemical comsiderations also have o decigive influence over
aotivity; 89 of the four stercoisomers possible, only griseofulvin itaelf
is sctive and rucemic griseofulvin hes only helf the activity of (8,d)
grisepfulvin.
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composed of ¥ - methyl ~ L - glucosamine, linked glycosidically to
straptose, 3 - ¢ - foruyl - L - Lyxemothylose (XHVI).

fig ~ methyl - L = gluecsanine and streplose are linked through
¢ -~ 2 of streptose. Sireptidine is linked to streptobicsamius
through ¢ - 1 of streptose and ¢ - 4 or ¢ - 6 of streptidine.

Yolfrom and his co~workers 95
of atreplomyein, sﬁmp*birlitpe and methyl dihydrostreptobiosaminide for
opbtleal rotation experimonts suggests that the streptidine ~ streptose
link is/3 L - and the hexosamine - streptose link is ok L ~.

The absolute configuration of streptidine has been egtablished

24 hence the absolute configuration of the whole
molecule is krown, except for the streptose ringe. '

he structural formulo (FEVIT) and aboolute conformation of
strepbonyein (RUVIIT) is shown below.

niilising bensoylaied derivatives

more recently,
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larngsidontroplonyein, vhich has aboul one-fLfth of the oetivity
of strepbonvein, hao hecn isolinted 93 fron eulture filtraten during
the profuction of stroptomyedin. Tis strucluve is identicol exeopd
for en additional monwost rousidue, linked glyveosidienlly to €-4 of
H o mothyl « L -~ glucosoning. i

Hydrozystreptonyein, isoloted 96 from eulinre Liltrates of
Siroptomyens grisco-cornus, differs from etropiogyeln ia having on
addivional hydroxyl sroup, satbzchod to the obrepbose molelye I6 io
not os nobive as stroptouyein but opposrs o be nore stoble o acid.

.‘7
Muensonyein, from Strevtonyees bluensis, wes isclated o in
1962, mad ohown to be very celmaczywla:%;am 1o atrepbonycin. feid
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hydrolysis yields 28 dibydrostreptobiosamine and bluensidine,

« 1 = deoxy = 1 = guanido - 3-0 carbamoyl - geyllo - inositol.
Glebomyein, isolated 99 from a new Streptomyces species in Jopan,

appears from preliminary lanvestigations to be identical o1 with
biluensomyein (XXIX).

R = — CONHp
R = - -
o R NH & NHz
. NH
O

(xxrX)

Bluensomyein is cross resistent with and less active than
gtreptomycine.

The gynthetic approach bowards new members of this group of
antibiobics has achieved only limited success. Biological activity
is retained only if the antibiotic is subjected to 2 minor
modification such as the formation of dihydrostreptomycin from
streptonyein, ‘.

A number of salts of streptomycin heve been prepared and
claimed to be less toxic than the parent compound. These include
pantothenates, i.e. salts of (D(+) - ¥ - (X, Yy - dibydvoxy -

B ﬁ - dimethyl butyryl) - G- alanine; methionates, 100 ona N -~
methanesulphonates ( - CHoS0, Na) end N - methanesulphonstes
(-CH5802a) . O

Alteration of the sireptidine portion of streptomyein leads to

a decrease or complete loss in activity. This is dewonsirated in

bluensomyein end alse in alkaline degradation products, 102,103
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for example, shtrepiures dihydrostrephobiosaminide and strepbanine
dihydrostreptobiosaninide.
The nost successful derilvative of strepbtonmyein is dihydro-

streptomyein, prepared by catalytic hydrogenation 104

of streptomycin,
thus veduelng the carbonyl fanction on gbreptose to o primary alcohol

group. It is highly active against Fygobaclerium tuberculosis but

has the disadvantage of cansing .deafness in a fairly large aunber of
cases even after comparatively swmall doses. Clinically, dihydro-
streptomyein is often used as a 50% mizture with sbreptomyein.

The wemnining derivatives of strephomycin which have been prepared
show alterations in the streptoblosanine residue. Comrie, Mital, and
Stenlake 07
slycosides using the acetylated derivetives of streptidine op

synthesised a series of shreptawmine sand streptidine

gtreptonine with one free hydrogyl group snd the glyecsyl halide.
Wone of the compounds synthosised showed any sppreciable activity
against Myeobacterium tubereulosis.
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The oviginal ain of this course of research was to prepare
glycosi&e“ of dihydrostreptose in order 4o sindy further the structure-
action relationships of the streplomycln sutibiotics.  Although
dihydrostreptose bas now been isolated, 105 {the difficulties
encountered in preparing reasoneble guantities of this sugar have go
far prevented the study of these derivatives. As an interim approach,
therefore, the prepsration of glycosides of dihydrostreptobiosamine
wos investigated, Methyl dihydrostreploblosaminide, which is readily
available, was used ag starting material. Various methods are
avellable for the synthesis of glycosides and a brief review of these
methods is given below.

Methods of Glycoside Synthesis

‘Iﬁhe synthesis of nmany of the simplest glycosides dates hack to
the nineteenth century, and often no modification of the original
preparation ig to be found in the literature. There is no doubt,
however, that in meny inctances the synthesis of a given compound could
easily be simplified amd improved. Heveral new general methods, or
modified procedures, for glycoside synthesls have been indroduced in
the last thirty years.

In the first reported synthesis of a glycosame,wﬁ

phenyl [":m Do
glucopyranoside, potassium phenoxide was condensed with tetra - O -
acetyl =K(= D « glucopyrenosyl chloride, nade by the treatment of

D = glucose with acetyl chloride. Under the conditions of the reaction,
the acetyl groups were removed snd wnacetylated glycoside wag produced
(Xxx).

Cl“'la Ohe Clz O
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Thais method, wilth modern refinements, is of velue in the preparation of
phenyl glycosides but cennct be used for glycosides of alcoholsy or for
disaccharide 's:s;yn‘i;hasem .

Polyacelylated sugars are widely used 107 as intermediates in
glycoside synthesisy being employed in both the Koenigs-Kuorr and
Helferich syntheses. Acetic anhydride io -used exclusively for their
préapmtibn, and a calalyst is essential, the choice of catalyst often
detetmindng the prominesnt anomer obtaineds The principal catalysts
used in acetylation ave anhydrous sodium acetate, zinc chloride, pyridine,
yem"ehlox‘ia acidy and conscentrated sulphuric aoid.

Bodium acetate gives predominantly the /2w anomer, the acid
catalysts the K « form, while pyridine resulis in o mixture of the o » and
/3w acetates, whioh can often be separated by fractional mpeerystellisation.

In the Koenlgs~Knoxy syntheses, 108 the fully acetylated sugar is
trested with the hydrogen halide, unsually the bromide, although there are
some instances in which the chloride is preferred, in acetic acid, glving
the 0 = acetylated glycasyl halido.s

llowever, in the method deserilbed by Parvozei-Mertos and Kowosy for
the preparation of bromides, 109 acetylation and bromination are carried
out succeasively without igolation of the fully acetylated sugar.

The Koenigs-Knorr reaction; in which 0 ~ acetyl ~ glycosyl halides
are condensed with aloohols or phenols, in the presence of & heavy metal
or orgenic base, has been extensively reviewed elsewhere, 1104111

Although Koendgs and Fnorr isclated 1°° & small yield of methyl
P = B & glucopyrenoside from a golution of tolra « O ~ acetyl =K = D =
glucopyranosyl bromide in methanol that had stood at room tempsrature
for moveral deys it le customery to add an acld receptor to speed up the
reaction and 4o provent deacetylatlon of the product. Silver, in the
form of the oxide or o salt, was the first acid acceptor to be employed,
ead it is still the one in wost common uses Unless the aglycon is o
s:irqple alechol, it is ususl to dissolve the remctants in a solventy which
ie often an oprmanic base, to act as an additional acid acceptors Walden
inversion at (el is almost invariably the Fple when the reaction is
carried out in the presence of silver ion. In special circumstances,
however, both anomeric glycosides may be obtained. Walden
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iaversion ot C-1 is also {the rule when alkali is employed sg the
condensing agenta V5 pa organic base (nearly always quinoline) may be
used in the seme way, bubt in the abzence of silvee, a mixture of the

X - end ﬁ ~ glycoside scetates rasulis.

In their original experiments, 108

Koenigs and Knorr used silver
carhonate or concentrated sgueouns silver nitrate to remove the hydrogen
halide produced in the condensationy silver oxide was subsequently found
to be equally effectives The exclusion of weter during this reection is
of prime importance and calcium chloride or calelvm sulphate has been used
as en internal dessicant, %o remove water produced by the reaction of the
halogen halide and silver oxide.

thile Wolden inversion at C-1 is the rale in the presence of silver
compounds, other factors may modify the reaction and so affect the finsl
msult.lm

When, es in tetra - 0 - ccetyl = X = D - glucopyranosyl bromide, the
halogen and the nelghbouring (-2 acetoxy group are gis, the halogen is
replaced with inversion by a negative group from the environment,

methoxyl in this case.

&
Recent work indicates this is an 53311. substitution. 115
}m[ E)r' =t ‘) GH (o] "
N s 3\ /H
/ D G G
. GHgO ..... , , . l
C— OACc . C — OAe
I @ ; O
| _ |
(Xxx1)

there silver oxide or carbonate is used, the equilibrium is driven
to the right by removal of the bromide ion. An organic base eatalyst,
for example quinoline, removes the hydrogen ion.

Reaction of the corresponding X~ D mannopyrenosyl bromide (a
trans halide) results in o much more complex situation. 114 (XXXIT).

£
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As the halogen departs, the muoleophilic oxygen of the neighbouring
acetyl group attacks the opposite face of C-1 to give an orthoester
carbonium jion which is electron deficient and under the Koenigs-Knorm
basic conditions reacts with the solvent, in this case methanol, to
give stable orthoesters which are diastereoisomers, for which full
sterco structures heve now been assigned on the evidence of nuclear
mognetic resonance spectra

M /j;ﬁﬁr _
] N Ch Qo — W“"‘"l < Hg\ . O l
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A competing reoction is the replacement of halogen without
perticipation of the 2 - acetoxy group to give the alkyl glycoside
with inversion but this 13 e ninor product as the rate controlling
step, the dissociation of the halogen, is speoded up by the
neighbouring group effect. Subsequent methanolysis of the
orthoacetote glves a mixture of the anomeric glycosides.
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116 y3et o wide miscellany of metallic

Helferich & VWedengyery found
oxides and salds snd other compounds, ineluding albumin, are efficient
tacid acceptors! in the condensation of tetra - 0 - acelyl L = D
glucopyranosyl bromide with methenol abt voom temperature to give methyl
tetra - O ~ acetyl - ﬁ = D - glugopyrenoside. -

She Koenigs-Buorr syntbesis is uvseful for the prepavation of phenyl
and alkyl glycosides as well as for disaocheride synthesis. A limitation
. of the resction, besides the orthoester formation described nhove, is the
dgiffioulty of forming ol » linkages. IHMost of the glycosyl helides axe
gtable in the K « form as predicted on conformational grounds, hence on
Walden inversion, /3* glycosides are obtained. The reaction is generally
used for pyranoside formation butb athyl/é - galactofuranoside has been
reported as being formed by this motheod. 117

Vhen O - benzoyl glycoside bromides are used instead of ( - acetyl-
glycosyl bromides, Walden inversion occurs during the reaction in the
WBinat the
£ - nenzoylglycosyl bromides react rapidly with simple aleohols at room
temperature in the asbsence of any acid acceptor snd without debenzoylation

presence of the silver ion. It has, however, been shown

of the profuct., Under ithese conditions, the configuration of the product
is determined by steric hindrance, As a general rule, in the absence of
an acid acceptor, all the benzoylated glycopyranosyl holides which have a
benzoyloxy group at (-2 itrang to the halogen resct with methanol without
net Walden inversion while these halides having o cis relstionship between
the groups on C-l and (=2 react with inversion at C-). Thus, sinece the
aglycon always takes up a itrens position with respeet to the benzoyl group
at G-2, this recction yields /3«-3 - g&ucosides,(é’— D - ribosides and
/6 - D = xylosides, but & = D mannosides and X - D - avabinosides.
In the method of glycoside preparation developed by Helferich,
phenols are condensed with fully aceiylated sugars in the presence of a
catalyst. The use of this reaction has been confined almost entirely to
the synthesis of phenolic glycosides but there is no reason vhy the reaction
should not be carried out using aleohols instead of phenols. So far as is
known, benzoylated sugers have not been employed in the Helferich reaction.

119
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Gatolyats used in this reschbion are either anhydrous sine chloride
or p ~ Yoluenesulphonic aseld; the former favours the formation of the
oA end the latter the p anomers  Ioproved yields resuld 120
Penoval, under reduced pressure, of the acedic acid produced in the

fron the

reaetion.

A few catalysts other than zine chloride ~and p « toluenesulphonic
acid have been successfully employed in the Helferieh zeasction, 107 for
aexanple, phosphoroyl chloride, sulphuric scld and anbydrous stannic |
chlorides; all of which yleld the /5’ - spomer. Boron triflucride also
gives the ﬁ-e glycosides

121 for the reaction suggests that the sugar

A mechanism discussed
acetate dissociates to give carbonium a2nd acetate ions, followed by

reaction of the carbonium ion with the phenol. (XXXV).
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Tpi - O = acebyl = 1,2 ~ anhydro K= B - glucopyranose, (Brigl's
anhydride) hes been used for forming K= or ﬂ - D « glucopyranosides

depending on the conditions used. Brigl 122

originally used it for the

preparation of methyl /3« D < glucopyranoside 3, 4, 6 - triacetate by

evaporating a solubtion of the anhydride in nmeothanol to dryaess.

Lemieux 125 has used the same anhydride in the synthesis of naturally

coocurring disaccharides, sucrose, maltose and brehslose by treating

the aunbydride with the appropriate 0 « acetyl suger, Ffor example,

1559446 ~ tetra - O - scetyl = D « fructose in the case of sucrose.

Mechaniems of reaction have been postulated but thewre is no clear route.
The preparation of glyeosides from dithiocacetals 124 has the

advantage of beiung psrticularly suliteble for the synthesis of furanosides.




Te

By varying temperature, quantity and nature of catalyst, usually mercuric
eompounds, of ozﬁ foranosides or pyronosides moy be obtained.

It wos considered 125 that during alkylglycoside formation from the
acyelie mercaptal, 2 mixed acetal with one alkoxy and one thiocethyl growp
in on intermediate. (XXXVI).
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It has been shown that this is the case in some examples but not
in others. D-giucose diethyl mercaptal with wethanol and mercuric
chloride gave ethyl oX- thio D - glucofuranoside. The § ~ ethyl - Q ~
methyl monothiocacetal gave methyl ﬁ-— glucofurencside indicating that the
mixed acetel is not an intermediate in this reaction. The mixed acetal
of D - galactose with mercuric chloride in ethanol gave ethyl /g - D =
galactofurenoside. 1 -~ galactose diethyl movecsplel gove the same
product, indicating that the mixed acetal is in this case an intermediate.

Vhen a osugar ia albylated with one equivalent of dimethyl sulphate
in slkeline conditions, the é‘lyaaaidic hydroxyl growp is prefercentially
alkylatea.lm D - monnose treated in this woy gave a wmixture ofo(~ and
/3' - methyl D ~ mannopyranosides, substonces not readily obtained by the
Koenigs-Knorr reaction due to orthoester formation. Direet alkylation
moy also be earried out by wsing methyl iddide with oilver oxide. 20
These methods are, hovever, rarely used in allyl glycoside formation.

One of the oldest and simplest methods of glycoside synthesis is the
Tischer reaction, in which the suger is condensed directly with an alcchol
in the presence of an acidic catalyst. Pischer 129 carried out the
reagbion in & sealed tube but refluxing with alceoholic hydrogen chloride
has been found o be satisfactory. The catalyst most commonly used is
hydrogen chloride, generally 0.5 - 2% w/v tabt an elegent improvement in.
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technique was nade by Cadotie, Smith and Spriersiersboech, 130 introducing

cation ~ exchange resins as calalysts. The resin has the advaniege of
being filtered off at the end of the resction.

This method is suitable for the synthesis of glycosides of lower
aliphatic alcohols. It is not generally suitable for the preparvation of
glycosides of disaccharides since they are generally cleaved by alcoholysis.
Amino~-sugers are, however, on exception since the glucossminide link is

stable to hydrolysis.

In the Fischer reaction, one or other; or both, anomers may be
aseparated from the reaction mixture, some sugars such as D - msnnose, give
essentially only one anomer. There is no way of altering the of :/3 ratio
in the final equilibxdum mixture and mixtures of anomeric glycosides are
not as a rale easy to separate. It moy thus be nearly impossible to
geparate the snomer required, even if it is formed in significent anounts.
Hewer methods of separation, however, including cellulose 131 and ion -~
132 colunn chromatogrephy, silicate eawth chromatography 135 and
goas=liquid chrometography, using methylated derivatives, 134 have leand to
on increased interest in the resction, especially since it 1s a useful
nethod of furanoside synthesis.

oxchange

Hewey methods of anslysis have also enabled investigations to be made
more satisfactorily into the mechanism of veaction. Previous studies had
relied on hydrolytic, rather than synthetic, methods.

Campbell and Link,135 investigating the hydrolysis of D - galactose
dimethyl ascetal vith wmethanolie hydrogen chloride used polarimetric
evidence to show thal furanoside formation takes place first and
subsequently the wnore stable pyrancsides are formed. They, therefore,
suggeated the following resctions for glycoside synthesis. (XXXVII).
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Levene, Heymond and Dillon, 136

gbudied in detoil the chonges
taking place during nethyl glycoside formation of = vumber of common
gugers. The composition of the reaction mixture was determined by
anplysis for reducing sugars before and after hydrolysis under strongly
acld conditions, when both pyranosides and furanosides are hydrolysed and
under‘weakly acid conditions vhen only furenosides are hydrolysed.

In every case they found that furenosides were formed ecarly in the
resction but thelr gquentity decreesed with time. Pyranoside synthesis,
on the other hand, increased progressively with time.

#
Mowery end Perrante, 133

ro~investigating th@ glycoside Formaticn
of B ~ galactose nsing modern chromatographie proceduresfor analysis
obtained results which substantially agreed with those of Levéne. It
was also shown that/é ~isomers are formed first, changing lster to

K wisomers, the chonge being sccelerated at higher temperatures or
‘hydrogen chloride concentration. The change from furanoside o
pyranoside was shomn %o ‘toke place simulianeously with furanogide
fhrmation.a? D - monnose and D - arabinose,

Brown9 and Daskowski - 151 atbtempted to wationalise the difference
in behaviour of furanose and pyrenose sugars in terms of the I -~ strain
concept, a genoral sterecochemical theory proposed for cyelic carbon
gsystems, I « strain iz defined 137’138as that chenge in internal
strain accompanying the change in the co-ordination mumber of the ring
abom participating in the recction. For small rings (3 - 4 members)
the intexnal strain arises primarily freon distortion of the normel bond
angles. In Y- and 6= and larger rings the strein is attvibubed primerily
to repulsion terms arising from unfavourable conformations. It is
suspacted that comparatively small differences in internal strain caon
have large effects on rates and egquilibrium of reactions of these
compounds. For exawmple, any enlargement of the ring carbon sngles by
nacleophilic substitution in cyclohexane will cause conformationsl change,
incresse non-honded H ~ H repulsions, decrease the symmetry end increase
the intermal strain.

It was suggested that the I » strain offers an explonation for the
marvked difference in hehaviour of furanose and pyrenose forms of the
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sugers. Under ordinsry conditlons, the sugare exlst in solubion ag
the hemiacetals in an egquilibrdun mixture of ring strucltures with the
pyranose fora gresetly predominating. However, treatment of the
mixture with methanol and hydvegen cbloride results in the preferentisl
formation of methyl furanosides.

Tt hes previcusly been pointed outs that solvolysis of 1L =~ methyl -

139

than that of the corresponding cyclohexane derivative. The greabew

1 « c¢hlovacyclopentane proceads at o rabe some 100-fold greater
reactivity of the - ring derivative can be accounted for in terms of
the T - gbtrein concepi. Tun the cyclohexane derivative, U~ bond angles
109.5¢ confer greater stobility and so less strain and less roactivity.
Presumebly the same factors operate to render the He-membered furanocse
form Tar move reactlve than the pyrancse form. Therefore in the initial
ghages of the reaction the faranose derivative will react preferentially.
140,141 made a detolled study of the kinetics of the
m@thanalysis of D ~ xylose, D -~ avabinose, U « lyxose and D - wibaae.

Bighop anﬁ Cooper

The veactions, under controlled conditions, were followed by gas-liguid
chrometography of the fully methylated, or acetylated, derivatives.
fate curves were established for each of the four ancmers of each suger
and the resulis obtained indicated that the following seguence of
reactions occurs during methyl glycoside formation.

(1) sugor ———> furanosides

(2) enomerisation of faranosides

(3) furanosides —»> pyvanosides

(4) snomerisetion of pyrancsides

The relative rates of these four reactions in order of decreasing

velocity are 2, 1, 3, 4. Reaction (3) was thought to proceed with
retention of configuration at the anomerie centre. Coapon, lLovedsy
snd Overend, 142 however, held the view that ring expsavision occurred.
with inversion at the anomeric centre; quoting evidence from the ptudy
of A = and/gw glueésiées. Bishop end CGooper posinlated the following
mochenism for the formation of methyl D-xylosides. (XXXIX).
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The differencesin the observed rates of the aﬁmm@riaaﬁien resetion
wore expleined by the postulation of ¢yclie carbonium ilon intermediates
if and VIT. ‘The higher vate of reaction (2) (see page 10) may thus be
@R@l&iﬂ@&;&¥ the ease of formation of ion IL from I ana'zxz. The viag
ptons C-4, ring 0, -1 and G~2 of the methyl D « xylofurancsides I and
IIT would be coplonar and practlcally no conformational chenge would be
invoiveé in the formmtion of IT. Conversely, the yro&uetiun of ion VII
in the half cheir conformation from the stable chair forms VI and VIII
reguires congiderable chenge in conformotion end the energy domsnds
make the reaction the slowest of the four.

It was thus conclusive thet glycoside compositions at equilibriun
counld be interpreted in bterms of stabilities of each of the four
glycosides, as influenced by steﬁic-and*%z?ie effocts.

Tuelear magnetio resonance studies on U - vribofuranose in
mucleotides hed shown that a specific conformation eonld be assigned to
furanoid rings. ‘

Pishop and Cooper thus adopted a systen of conformationsl amalysis

for the fuvanosides: Mhis was based 47 on the fact thet the strain
inherent in o S-membered ring, cyclopentene or furancid, can bs relieved
by o slight puckering brought sbout by movement of one or two atoms out
of the plane of the ring. Tor oyclopentane, in vhich all atoms are
equivalent, this results in two possible conformatioms (a) the Oy
confornation in which a single atom is dlsplaced from the plane of the
other four, and (b) the Gy conformation in which two atoms are displaced,
one above and the other below the plane of the remaining three atous.
In the furanoid sugers a move definitive designation of conformation is
roquired becouse of the specific aﬁereacheﬁi@try of the carbon atoms in
the ring. One atom out of plane gives the B (envelope) form while with
two atoms out of plane, the T (btwist) form exists. The atomont of
plone are indiocated by subscripts or superscripts to show displacecment
below or above the plane of the ring. Carbon atoms are given by numbers,
and the ring oxygen by 0O

In the furaenoside ring, the effective interactions are those hetween

the cclipsed groups on adjacent carbon atoms and the most fevoured
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conformations will allow weximum staggering. Methyl Ke D =
arabinofuranoside has all of it large substituents in o trans
cerientation and the atvain on the ring can therefore be relieved by
the naximun staggering afforded by a *"“g or '1';; conformation. In
methyl ﬂ - D - arabinofursnoside there is an eclipsed interaction
betweon the (-1 ond (-2 auhsﬁmmcmts which should force them away
from one *ma‘i,her, glving an 3«,.2 conformation. On present evidence
it was considered impossible to decide mnequivoeally between
altermative conformations for o single furanogide.

Suggested possible intermediates for furanoside anomerisation (IT)
and for furenoside to pyronoside conversion (I:iﬁ),; hoth ariging from the
protonated Pursnoside (LII) sre shown below, (XKXAVIII).

o) Gz OH
\ / H@
o & O AU '
>< < oc,ns \ | / QCH,
/L_ i
(L)

The non-bonded inberactions beltween lorge eclipzed groups in the

- fuvanosides snd protonsted furenoside, ¢, will be relieved by opening
of the xing, or in A if it has & puckerced form with C-3% above or below
the plane of the other atoms. - Dissociation a2t €=l in A removes ony
interaction between (-1 and (~2 substituents snd displecoment of O«3 in
2, ]5:5 or ;&33 conformation relieves interactions betbween substituents on (-3,
C=2 and C-le Henoe the velative orders of vesctivity of the pentoses
should be the same for reactions (2) and (3) (sec page 10) and should
depend on the strength and wumber of eclipsed interactions. [The some
argument would hold if reactions(2) and (3) proceeded through a comon
intexmediate which decomposes »t different vates into furanoside and
pyranosida. Dxperimental dato confirmed this theory. Teble (I)
gives the preferrved conformztions and eclipsed interactions of methyl
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furenosides. It con be seen that the lyxosides, with the higheat
nupber of wofavourable inltersctions should bave the bhighest reactivity,
with regerd to anomerisation or sclvei;grsiag on the other hand the
X = arabinofurenosides with no eclipsed interactions should be the
least reactive; and in fact are the slowest reacting of the
pentofurenosides.

The differences in rates of pyranoside anomerisotion was also
explained, using o similar theory.

Hethyl B - peniofuranosife Conformation Iateractions Tolal
- .
o w7, f.}:% - 0
Arabinoaide
ﬁ 132 :“1 .e .0”2 1
>
o T (100 P 1
Riboside 5
ﬂ })3 }'*109.{}"2’ ng"°c—3 2
2
O< {1?3 (2“3 9o 86“4 1
Xyloside
/3 q}; » By Guder°0ml 1
}5 & s
4 ‘lﬁ ’ E:} (i n veauaa (1“3‘ nngml}, ¥,
Lyxoside 5
: !I‘g Gmlece Qu2y Cuess(im?
/? Q3o+ «Cmd 3
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Glycosides of Dihydrostreptohiosamine

Methenolysis of dihydrostreptomycin yields two isomeric methyl
glycosides of dihydrostreptobiosamine. These glycosides have proved
aiffiouit t0 aeparate but acetylation of the anomeric mixture yields
ok = ond /3 - methyl pentamacetyldihydrostreptobiossminides whiok are
eanily sepuratelbecause of a difference in solubility in vefluxing ether.
This was flrst demonstrated 22 during the elucidation of the astructure
of streptomycin and hags been confirmed in this work. The acetylated
methyl glycosides have been shown to be 907 of and 10%/3 and this is
assumed to reflect the composition of the unacetylated anomeric mixture.

MeGllveray, 110 using methyl dihydrostreptobiosaminide hydrochloride
g starting material, has prepared, by solvolysis, a number of analogues
of methyl dihydrostreptobiosaminide, viz: the phenyl, benzyl,

2 = bromethyl and cyelohexyl derivatives. These were obtained as the
hydrochlorides, amorphous, hygroscopio solids, which were Aifficult %bo
handle, and with the exception of the benzyl derivetive, difficult to
obtein in the form of the base, Rotational evidence, however, indicated
that they ccourred mainly, if not wholly, as one anomer.

The present experiments were carried out with several aims in mind,
filratly to confirm that only one isomer is obtained from the solvolysis
veaction, secondly to elucidate the stereochemistry of the product, and
thirdly to investigate the mechanism of the solvolysis reaction, i.e. to
determine whether or not the reaction proceeds by inversion, and the
extent to which the stereochemistry of the produet is determined by
conformational considerations..

The formation of an anomeric mixture of methyl dihydrostreptobiosen-
inides, consisting (presumebly) mainly of the <{ = anomer, from dihydro-
gtreptomycin, in which the furanvside link 15/3 -, suggests that the
reacbtion might conceivably proceed by inversion. Differences in
conformationsl stability of the two anomers mey not be so high as to
preciude subseguent equilibrium, even although the ¢ - anomer, which
would be Qhe initial produet in a reaction by inversion, permits fewer

r

unfavourable interactions and hence, according to Rishop and Cooper,
ghould be the more stable of the two anomers.
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The examples of solvolysis found in the literature, mainly
concerning pyrancsides, give no clear indicatlon of the mechanism
145 prepared ﬂ-benzyl
D » fructopyranoside from K= methyl D » fructofuranoside end from
K = benzyl D = fructofurancside. 'he same workers also prepared
/3 = methyl D = fructopyrancside from S = benzyl D « fructopyrancside.
Pleman and laffre 147 prapared o = n w butyl D « glucopyrancside fron
KX = methyl D = glucopyranoside. Vernon and his colleagues 146 found.
that the methenolysis of o « andlﬂ9m phenyl, D « glucopyranosides
ocecurred with predominant inversion.

The present experiments show that the benzyl alcoholysis of
anomeric methyl dihydrostreptoblosaminides glves only one produch,
showing only one spot on thinelayer chrometography on alumina. 9his
product is thought to be the K « anomer, from rotational evidence,
in comparison with the rotations of other streptomyein derivetives.
(Table IT)s It is of interest to note that slthough the rotational
values of the ol » anomers are all of the seme order, while

involved in the reactions Purves and Hudson

Hoble IT Derivative Ll °
Htreaptomyein - T8
Dihydrostreptomyein , « 9445
Nodeca - acetyl dibhydrostreplomycin - 67
Cx~amd4éimathyl dihydmostreptabioaaminiaes HOL - 125
(>¢methyl penta~acetyldihydrostreptobiosaminide - 120
(B—meﬁhyl venta~acetyldihydrostreptobiosaninide - 34
Strepturea /3 = L = dilydrostreptobiosaninide = 90.1
Benzyl dihydrostreptoblosaminide 1L - 110
Benzyl penta~acetyldihydrostreptoblosaminide - 138
2-Bromethyl dihydrogstreptoblosaminide HCL =100
Phenyl dibydrostreptoblosaninide IC1 - 151

acotylation of the methyl glyvosides gave a small decrease in wvotation,
scetylation of the benzyl anomer gave an increase in votation. This
ig possibly due to a slight difference in conformation of the different
glycosides.
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The homogeneity of the product was confirmed by complete
acetylation vhich again gave only one produoct, showing one spot on
thin-layer chromatography. Rotational evidence again indicated. the
X » isomer. The product was completely insoluble in refiluxing ether,
showing o perallel with methyl oK - penta-scetyldihydrostreptobiosaminide,
and no ether-soluble material dould be obtaineds  The K = anomer would
he axpeated, on conformational grounds, existing in eilther the 'J?? or QS

confornation and showing unfavourable inteéractions at (-2 & (Q«3, and
a3 & C=4, to be the more stable isomer, whereas the [a' « anomer in the
more probable I'}a form, has three unfavourable interactions, (XXKX)

Chlg

HO
3

(XX¥X)

The same producty as indicated by infra-red sbhsorption and
rotational evidence, unconteminated by the corresponding ﬁ - gnomer
was obtained by benzyl alcotiolysis of pure A - methyl penta-
acetyldihydrostraptobiosanﬁgi&e and also of ﬁ - methyl‘ pento-
acetyldihydrostreptobiosaminides, Since only one anomer is consistently
formed, there is no clear evidence therefore that the reaction proceceds
by inversion and it can only be said that, irrespective of the reaction
mechanism, the more s‘bablé isomer, on conformational grounds, is formed.
On this basis, and on roitstional evidence, this anomer mey reasonsbly be
concluded to be the o~ anomer, This conclusion is supported by the
fact that only o < methyl penta-acetyldihydrostreptobiosaminide could
be isolated from the methanolysis of the benzyl penta-scetyldihydro-
atreptoblosaminide: No trace of the ﬂ - anomer ocould be found, although
the yield of the o{ - anomer did not indicate that /3 - anomer formation
was impossible. The ﬁ - anomer would be the expected, initial product
if the transglycosidation proceeded by inversion.
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Sinilorly the benzyl alceoholynis of dibydrostreptomyelin itself
gave the pane anomer of benzyl penta-acetyldibydrosireplobilosaninide,
as Indicated by infra-red shsorpiion, melting-point and rotational
evidence, although once agzoin the yielé obtained Aid nol rule out
conpletely the possibllity of the formation of the other snomer.

Tt should he noted thot the benzyl grouvp, because of its size,
is much nore importent with regard to the conformeiional stabllily of
the molecule than the methyl group, hence equilibretion between the
two enomers of the benzyl glycoside 1s less likely.

It ie of interest o note that streptomyoin, as it ccours
noturelly, is o ﬂ « lyrofuranoside, the more unsteble of the configura-
tiong.  Anomerisation of the glycesidic link to o « would give useful
information to the structure-action rolationships of streptomycin.

ALl etiempis, using scid-catalysts in non-agueovs media have so far
been unsuccessful, resulting in either unchonged or hydrolyséd reacmm:: o
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Scheme of PReactions

Acetic anhydride

Pyridine

Hethyl dibydrostrepiobioseminides —— of Hothyl —+ /> -Uethyl

. pentazeetyl- penteacetyl-

dihydrostreptobiosaninide dihydrostreéepto~

biosaminide
AN .
}
Dihydrostreptonyein
Sulphate
B208 \mﬁ, 3Ol \ HCL BzoH \mﬁ
BzCE \mmm
wmmm\waw
v < W

Benzyl dihydrostrepiobiosaminide

AcAn.

w«dmmwwm

N

K = Benzyl pentzacetyl~
dihydrostreptobiosaninide.
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Haterials

Dihydrostreptomycin sulphate was supplied by Glaxo Laboratories
from & non-sterile, freeze~dried batch. -

Pyridine was dried by refiuxing over potassinn hydroxide and
diati1ling, o | S |

Acetic anhydride was redist;j.l_lgﬁ, the eaxly and late mnnings being
discarded. |

= and ;ﬁ « Methyl dihydrostreptoblosaminides.
(Preparation after Tried and Wintersteiner,)

Dihydrostreptomyein sulphate (10g.) which had been dried for two
hours in a high vacuun pistol over phosphorus pentoxide at 100 “was
dissolved in methanolio hydrogen chloride (Ji, 200ml.) and the solution
kept at room temperature for 24 hours, Dry ether (400m1,) was then added,
precipitating streptidine hydrochloride (5.4g.) which was filtered off as
a white hygroscopic solids The methanolweether filitrate was conconirated
in vaguo to approximately 2%5ml., any solld removed by centrifugation. and
poured into dry ether (250ml,) and left at 0-5° for two hours. fThe oily
precipitate was separated by decantation, washed with dry ether (2 X 250ml.),
ond dissolved in methanol (10ml.). fThe solution was passed down a
De~Acidite ¥ (OH' form) column which was washed with methenol (500ml.).
The eluate was evaporated to dryness in vacuo t0 a pale orcam amorphous
solid, o mixture of the anomerio methyl dibhydrosirsptobiosaminides,
(4e5845914278), [] 50 w125°.

Found, Ny 3.45%3 641}:?3}\?09 requires W, 3.6%

K = end /3 = Mothyl pents = scetyldihydrosireptobioseminides.

Methyl dihydrostreptobiosaminides (4.5g.) dried in vacug over
phosphoras pentoxide at 60° was dissolved in pyridine (10ml.). Acetie
anhydride (15ml.) wos added and the solution left at voom temperature
overnight. Tce=pold water (50ml.) was then added and the solution
evaporated to dryness in vacuo. The product was dissolved in chloroform
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(25ml1. )y the solution washed with water (20ml.), dilute sulphuric ecid
(20ml,), ond water (20ml,). The chloroforn was distilled off under
vaouun 0 give e creamy amorphons solid, (2.laz.) a mixture of oK - and
p’ ~ methyl penta-acetyldihydrostreptoblosaminides

of = Methyl penta-scetyldihydrostreptobiosaninides -

The mixture of o = and @ - methyl dihydrostrepitobioseminides {2.1g.)
wag boiled with dmy ether (“Qﬂml ) for two minutes, snd the ether decanted
offs The etherTaolubm meterisl was crystallised from ethanolwether, glving
oL=methyl penta~acebyldihydrostreptoblonaminides (Ls%5g.) which on

recrystallisation fron E“bhanql gave white shining needles, mp. 192,

20
L] p = L7

Infra-raei spectrun sshowadv cat 3500 (nu, OH gtreteh, 2900 (C-H
.:a'tretch), 1600 (NH bend), 310 (O< ¢lycoside) cm.

Found, Ny .C 53 oaloulated for ¢ H NO , N, 24 e

24 37 5
/’ = Hothyl penta~acetyldihydrostreptobiosanminide.

The ether-goluble mwrml fmm the above reaction was isolated by
evaporating the ether, and wmhing; the residue with petroleum ether. The
maberial was reorystallised from dry ethanol giving prisms of ﬁ - methyl \
pentasacetyldibydrostreptobiosaninide (100mge) mp. 156157, Ex] - 34°
(cey 1% in chloxoform).

Benzyl dibydrostreptobioseminide.

Methyl dihydrostreptobiosaminide (12.), dried in waguo at 60° for twe
hours, was dissolved in benzyl aleoholie hydrogen chloride (N, 50ml.) end
the solution left at room temperature for 24 hours. The solution was
then poured into dry ether (250ml.) and kept at 0-5° for two to three hours.
The ether wes then decanted off and the precipitate disgsolved in a mininum
of ethenol end washed down a column of De-Acidite ¥F (CH!' form) with
methanol (500ml.). The oluate was evaporated to dryness in vaono at 60°
giving benzyl &n.hydrostreptubioaammme (550mzs) as o white, amorphous
solid, [o(] 20 . 125 (0o 1% in methanol).

Found, N, 3,3h, ‘oalculated for C 0H2.1N09 5 5%
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A= Benzyl pentasncetyldihydrogtrentobiogaminide

Bensyl dibydrostreptobiosaminide (1k.), dried in vacuo at 60° was
dissolved in pyridine (10ml.). Acetic aahydride (10ml.) was added and
the solution left overnight at room temperature. Ice-cold water (20ml.)
wos then added end the solution evaporated to dryness in vaguc. ‘The
product was dissolved in ohloroform (20ml.) snd the solution washed with
water, dllute sulphuric acld, and water. The chloroform was distilled
off in vacuo and the residue orystallised from ethanol-ether.

Reorystallisation from ethanol gave needles of X~ benzyl pento-
acetyldihydrostreptobionaninide (700 mge)s mp.141 - 143°, [ ] 2° - 136°.

Infra-red spectrum gove \Q — at 330 (N-H, 0-H stretoh),
2800 (C-H streteh), 1550 (C~0 stretch), 1520 (N-H bend), 1480 and 1230
{aromatio), 1130 (benzyl ether), 820 (glycoside), 745 and 690 (aromatic)
om.~t,

The product was completely insoluble in ether; no ether soluble
moterial was isolateds

Pound, C, 572%, H, 6.64, W, 2.2 ¢ 1 NO requires
30 41 3
C, 570%’55 H’ 604%? N, 2.2‘}5

Benzyl alcoholysis of dihydrosbreptomyein sulphate.

Dihydrostreptomyein sulphate (2g.) dried in vacuo ot 60° for two hours
was stirred into benzyl aleoholic hydrogen ehloride (28, 250 ml.) at 40Q,
The mixture was stirred continuously for 96 hours at 40°. At the end of
this time, the undissolved streptidine hydrochloride was filtered off,

The filtrate was reduced in volume (10-15ml.) under high vocuun and dry
ether added. The resultant white precipitate was itritursted with dry ether,
dissolved in s ninimin of methanol and passed down a column of De-~Acidite T'F
(OH' form), The washings (250ml.) were evaporated in vacuo at 60° to give
benzyl dihydrostreptoblosaminide, as a colourless amorphous solid (800mz. ).
The base was dissolved in pyridine (1l0ml.) and acetic anhydride added and
the solution left overnight at room temperature. The solution wag worked
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up a8 hefore giving orystals of KXe benzyl penta~acetyldihydrostrepto-
biosaminide (630mg.) m.p. 141-142°, undepressed on admixture with
amthentic material, [ o] go- 138% (0ey 1% in ohloroform)e Infra-red
absorption identical with that of authentic material.

Found: N, 24293 0393411!03 requires N, 2.20.

Benpyl aleoholysis of < - nethyl penta-acetyldihydrostreptobiosaminide.
Bengyl alcoholysis of K = nethyl penta-scetyldihydrostreptobiosaminide.

A « mothyl penta~acetyldihydrostreptobiosaminide (500mz.) was
dissolved in benzyl aleoholic hydrogen chloride (21, 5ml.) end the
solution left at room temperature for 24 hours. Pyrddine (10ml.) and
acetic anhydride (10ml.) were then added and the solubtion left overnlghtb.
Excess pyridine and acetic anhydride were then evaporated off in vaguo.
The resulting solution wag chyometographed on neutral alumine. Elution
with ether gave benzyl acetate end elution with chloroform gove of » benzyl
penta-acetyldihydrostreptoblosaminide which was recrystallised from
ethanol, giving colourless needles (200:3@;.), mePe and mixed mep. 14,1~142“",
[0‘] %Q- 138°,  Infra-rved absorption identical with that of authentic
material. |

Benzyl alcoholysis of 1/5 - mothyl penta-agetyldihydrostreptoblogaminide.

/3~ methyl penta-acetyldihydrostreptobioseninide (8Ymg.) treated
a8 above gave crystals of o= benzyl penta-acetyldibydrostreptobiosaminide
(25mz. )5 mep. ond mixed m.p. 141-142%, Tx] 2%138°,  ‘Infra-red
absorption identical with that of authentic materiel.
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Methenolysis of o= benzyl nentawscetyldihydrostreptobiosaminide.

K = benzyl pento-acetyldihydrostreptoblosaminide (500mg.) was
diomolved in methanolic hydrogen chloride (I, 25ml.) and the solution
left overnight at room temperatures The aolvents were then removed
under vacuum, pyridine (5ml.) and acetic anhydride (7.5ml.) added, and
the solution left overnight at roon temperatures - Removel of the
solvents undex vacuun gave £ = methyl pentawacetyldihydrostreptovios-
aminide (320mg.) which on recrystallisation from ethanol gave colour-
loss needles, up. and mixed mps141+142% [ ] 20« 117°, infra~red
ahaorption identioal with that of authentic material.
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SULVARY,

The work already carried out on the chemical modification of
naturally occurring antibiotics is revieweds The reasons for carrying
out these modifications are diseussed, Auntibiotics which have been
nodified chemically in some way'includé'tha penicilling, the
cephalosporins, the tetracyelines, griseofulvin and the aminoglycoside
- anbtibiotics, including streptomyein itsclf. The value of these
nodifications varies from compound to compound, the most successful
derivatives which have been prepared, to date, being the derivatives
of penicillin. Compounds have been prepared which are more active,
which are active orally and which are active againet penicillinase-
produecing midra—organiaﬁsg Dexivatives of other antibiotics have,
generally, been less successful, although valuable information about
structure~action relationships has been obtained. The derivatives
of dihydrostreptomycin which are considered in this thesis are
glycosides of dihydrostreptobiosamine, s disaccharide composed of
dihydrostreptose linked glycosidically with N - methyl ~ I glucosamine.

The methods avallable for glycoside synthesis, the Koenigs-Knorr,
the Helferich and the Fischer syntheses, asre reviewed. A modifioation
of the I'ischer synthesis was used for the preparation of the benzyl
glycoside of dihydrostreptobiosanine, using methyl dihydrostrepto-
biosaminide as stariing material. No clear mechanism for this
reaction hes so far been postuleted to elucidate the mechanism.

KX = and /8 = methyl dihydrostreptoblosaminides were prepared and
separated in the form of their acetates which wore then used to prepare
benzyl penta-acetyldihydrostreptoblosaninide by transglycosidation.

The fact that the O = anomer was formed in both cases indicates that,
every time, it is the more stable isomer which is formed. Direct
benzyl aleoholysis of dibydrosireptomycin also gavec - benzyl
penta-acetyldihydrostreptobiosaminide, confirming this theory.
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Methanolysis of e benzyl-scetyldihydrostreptobiosaminide
gave only the £ -~ anomer of methyl penta-acetyldibydrostrepto-
blosaminide.

There is some indication thet the furanose ring of dihydro-
ahtreptose facilitates the reaction, in enalogy with the Fischer
glycoside synthesia,



