995, 033 The 1l1la-chloro conpounds do not appear to be as highly
reactive as the corre- | t spondi ng 1la-brono conpound t hus
reduci ng the necessity of-—speetal -hanrd--nrg—h—pre paration .. They
are in fact quite stable in aqueous solutions, even at |ow pH val ues. For
exanpl e, 1lla-chlorotetracycline-6 12-hem -ketal hydrochloride on standing
in water, at 5 pH of about 1 for 18 hours at room tenperature shows
no detect abl e deconposi ti on. The preparation of

11a-f | uor ot et rac;EJAMNTaﬁP@CIEFOATION?U ng the start-

ing tetracycline conpound with perchloryl fluoride in the presence of a

NQr%R@WHHﬁB% an al kal i met al hydr o) koxi de. The
D Iy BaL | Vi, n ar i ng conpound
e ‘\o VRRE 32;\&9 ic er ai%?‘illng Come l?t'f(sefed “"‘8" May %h;e cont ai ni ng

Al ol § g I2 n,t of the base
/] lication made in er':lteeg gt:t(egssr er:: 98 f‘Pper ature. As
foped ‘hé %I‘H’Fé?pé rom al kal i ne
I A8l Ugpec, ﬁat °§fr”b°8ﬁ'8tu"if§§§fef S’fAB’B’I’fFr@f‘i& 12857 and 72875)i ng t o

of PJaQ%'nW:ﬁl it §Sta§ erYC§t(I@a| }64n?anFHe qygbétol s col | ected

usual 1eIGni ion to the
11a- hal ot et racycl | n r Qjée RGnied of encaéNo 8705%) on o Oééfs;s ‘also 15
efe

yi el ds 11la- hal ot et ra@ g hon?'ubnshed 3une ’1,’1253%' ch hem ketal formation has

B Eﬁ’?‘%g"%

not occurred, hat the Ila-halo atomis on
the reverse side of @he f atom fromthe hal ogen of the
hem -ketals. It is thought tha’t_t'h?'s—t‘e‘r_eochem cal relation- ship
Inflext éfeaceeptam -pm\pe(nCBA,fmzmmw 2aft)t he hem -ketal structure. These
r@our}g are general |y obtained by evaporation of the reaction

m-xture afrfer preC| pitation of the 20 6, 12- hem - ket al conpounds.
The trans 11a hal o comnmﬁasmmsmment ed by the fol | owi ng
f ormul a, wh ﬁ F and X are as previously defined:
[err] a 0-6-Methylewtmqlme§ sguhpathed off structure 11 are
useful for the pr epar at i oRT¢RATIRG same s sponding D-ring substituted
tetracycl waesri) RS 2 SHPR o >, 25
corrpoumd@lcmﬂas:a IIiale,HCblm,nPatnkr‘gP(%o :ailruft tgicléfh gg‘sij%ﬁgﬁ&g%% | ary of such
ar omat gtent may be grante Ssc;lnd Fhea!efmdchysvha;he ldrtabfmgefmate@,on and nitration.
Thi s haﬁ e§ '%jﬂéjfsfelg’ gg ’c‘ﬁ?@{ffﬁeﬁh cring the starting 1lla-halo
COMPOUPElinds and processéd 1t0 rﬂgﬁ fngio lgﬁ 03 ﬂ'&e %ﬂvg{n nating or
i odi nattlpmg)coagrem withna aromsaoftduea halogendtio Gf tetracy&ﬁds\éﬁd]theé}ﬁo—pr evi ously
descri Bbv “\Ré’ TIPS gé €htaiped 1 ‘EGW?Y Hiehgse gndofther egects P thivdhventpoapounds. 30
The haloushnateds s Ps%da g%upt b SioBLAOG 4,3 [determined by the nolar
rati O naphthacene &glvajﬁ sQ@ﬁIﬁga b rﬂ lo@ﬁ@ :{senﬁ:mlE igﬁ fea is?" F stantial ly
equi nobaing syettih dipdediathogepiaged bg“ Chemical Abstagent per rml of 1la- haI 0 conpound,
nonohal ogenati on occurs. Wth 2 or nore nol ar equi val ents of
hal ogenati ng agent, dihalogganatjon,occurs. 35 ' After the

i i | ¥07 jytdre products are obtained by the 35
usual nethods. Ceneral |, r?e hed| enpl oyed invol ves the addition of a
non- sol vent to N gy Rture with subsequent col |l ection of
the precipitated producton ¢ - OH Nitration is acconplished by any of
the standard nethods used for thi s pur pose. For exanpl e, the
starting conpo s reacted with nitric acid per se or forned in situ, 40
e;sd- PRl "ﬁéfFﬁag ﬁ@ g" ATty SUmPE Picthi SrP Aot eeipiag et s the nitration
reaction |s carrie 0 out in a solvent, such as a Power al kanoi ¢
aci d, éu%ztu cetl c aC| d aI t hough a V aCdneroy Nobne ot her sol vents may

also b i strychelipd d hydrogen fluoride. A
lﬁor MHF%(_Q ‘gae t| o WP BER t the sel ection of other

m ni mu

S20 tabheI\(CH) 5—OISeL gant zs__o e r eacs-Haky ggfé{;icg,&ges may varjp appreci ably,

t he usé—-—UthhD h—CtHanpe%@ﬂures 45 G-Bﬁbkbhc{ﬂrabﬂmavm ded. Satisfactory

result i %? er t 1? éﬁnge of- dﬁfomérﬂem:thglg:pequzqne to 45 °
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[Price 45.6d.]



ticularly critical, particularly in view of the stability of the starting

conpounds to the acid reaction conditions. To insure best yields it
is preferred to use reaction _periaods of fromas little as 15
m nutes to 12 hours. 50 Furt her, the present

11la- hal otetracyclines 6,12 hem ketals are al so useful as start- 50

i ng conpounds in coupling reactions with diazoniumsalts. The coupling
reaction with aryl diazoniumsalts is acconplished according to
known met hods. For exanple t he 11a%hambtetracycline 6, 12- hem ket al
i s dissolved in water I oa wart er SOIUD 1 €.Al.coho

995, 033 5:1 E%etrtﬁﬁ etr §}H1e }é gl E 1?. . “bc:;fi n an% frgcess%sgfatga uég}repéra- COUS ‘

sol ution contai ni Ng ORRerdi® n@@orp nol ar equi val ents of the
sel ected aryl di azoni um sal t. Aﬁhﬁhmeﬁperature of the mxture is

mai ntai ned at 0-f0[err]C. Théﬁﬁ%@&% g*ﬁé“gﬁfg‘%‘ h:uFi 1§ #5}{ At {%?% M nut es,

precipitate from PORC i xTUr e arter “abgul

but reaction times of the order of two hours are ordinarily
enpl oyed to ensure conpl ete reaction. The product usual ly separ- 5

ates as an anor phous material which is g\l g washed and dried. |f
precipitation does not occ ' T £ may be obt ai ned by

-oii on of the reaction
sobutyl ket one.
orcoNdyr t her chem cal

m xture with such sol vents as n-butan
The azo products as obtained are gene

evaporation of the solvent or by extr
D f]

transformation 10 or may be furf "a{ritéed by reprecipitation or
crystallization fromsolvents, chroma- 10 t ography or sol vent
extraction techni ques. The ar ylchélin@dod b Widdrimadoh S Whi ch
provi de coupling products of the present type are nyriad. The
products obtained are 7-Ifand/or 9 - arylazo - 1la - halotetracycline -

6, 12- hem -ketals. Wien Z izn e, & avglg conpound is chloro or
brono, the product is a 9- 15 ARY f g¢; when Z is hydrogen,

the product is a mxture of the 7 and
The aromatic azo coupling products as
conmpounds produced in acc '

are particularly useful for the OH o beddbtlon of the correspondi ng
am not etracyclines. The azo conpounds are reducec@EHYDRATYON (wheggyA=CH,)

el ectrolytic or chem cal nethods, but preferably by catalytic

i soners.

hydr ogenol ysi s. 20 I | f desired, the 1la-hal ogen atom of
the ring D substituted-1la-hal otetracycli neus!" N{cHy) 6, 12- hem - ket al s
obtained from Structure Il conpounds np\be Vi ly renmoved

by reduction, preferably using chem c3 1a chloro atons nmay be
readily renoved by treatnegt A hw@ro sulfite in
aqueous nedia. This latter reduc- 2% . \t ony'i.s a particularly facile

process and is especially preferred mntﬁ‘lfa cﬂIoPo com 25

pounds contai ni ng ot her reduci ble groups. Accordingly, 7,1la -

di chl orotetracycl i ne- 6,12 - hem - ketal is reduced to

7-chl orotetracycline by treatnent wi th sodi um hydro- sulfite in
aqueous di net hyl formam de. The 11-a fluoro conpounds appear to be nore
difficult to reduce selectively since they require nore vigorous reaction
conditions. For 30 exanpl e, the present 1lla-fluorotetracycline

6, 12- hem ketal s are converted to corre- 30 " spondi ng
11la-desfl uoro conpounds by reaction with zinc in mneral acid according to
standard practice. The 1lla-fluorine may al so be renoved by hydrogenol ysis

over nobl e netal catalysts, preferably at superatnospheric
pressures of hydrogen gas, e.g. up to about 1000 at nospheres.
The use of tenperatures higher than roomtenperature (20- 35
25[err]C.) may also be required in sone cases to permt substantial yield
of the desired 35 product. Under such conditions of

hydr ogenol ysi s, other reducible groups, e.g. the 6- hydr oxy
group and 7 or 9-halogen or 7 or 9 nitro groups, wll also be susceptible
to reduction. For exanple, 7 - nitro - l1lla -
fluorotetracycline - 6,12 - hem - ketal on treatment with
hydr ogen gas over palladiumon carbon at a pressure of 1500 psi yields

40 inter alia, 7 -amno - 6 - deoxytetracycline as a product.

40 The present 1la-hal otetracyclines 6,12-hem ketals are
al so useful as internedi ates for the synthesis of

6- deoxytetracyclines. On treatnent with hydrogen gas in the pre-
sence of a mneral acid over a noble netal catalyst both the lla halogen
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45 at nospheri c to superatnospheric pressures may be used, although it
is usually pre- 45 ferred to enpl oy high pressures,
—particularly with lla-fluoro-conmpounds which are found to be
| ess susceptible to hydrogenolysis and are preferably hydrogenol yzed at
el e- vated tenperatures, e.g. up to 100[err]C Except in the
case of 1la-fluoro conpounds, tenperatures does not appear to be critical
in this reaction, the use of high tenperatures 50 (up to 50[err]C.)
mainly serving to shorten react®038 ti mre. The 1lla-hal otetracycline 6,12- 50
hem Ketar's appear to be of onl'y sTTght biologrcal actrvity when tested in
vitro agai nst wtest organlsns such ag Kl ebsiella pneunoni ae.
Enmpl oyi ng t he proceduties sedor e descr beé& r e aPﬁ%ent 1lla-chloro and
fluoro conmpounds of gANWU naybe cony ol | owi ng products:
55 7- o1 3 - ‘ ‘lu_m_ﬁ, o
55 7 ang K <mhhorg a
12 hem - ket

@Nhem “ket al

ACy
7-chl or o- 6- dennthylte??aBycﬁ ne’
7, 11a~d|C';ont:ﬂ$ﬁ£ycI|nq 6_12 henj - ket al -

Defluorination 1 ,‘_Dt.flug;mutnon

Dechiorination

ympounds where applicabl e.

995, 033
O
ure Il in which
8Fi ne or fluorine.
Awsurprisingly high
organi sns whi ch

partlcular Kalue are thg
substi - Nitrati '
These conpounds ar §

in vivo act|V|tyo

makes then1va|uab|e-wpr Q hunan therao. thesa cenpounds on 5
invitro testlng shom1on|y noderate al beit significant activity. The

conversi g?bgpkgl to the present is acconplished by treating
t he startlgg_@quQUnd (I'l) with a strong acid of the dehydrating

type. AIthoqghcmBﬂunber of such acids may be used for this purpose,

it is preféar€l ¥o use mneral acids, such as concentrated sul furic acid,
phosphoric acid, 10 pohmphosphorlc aC|d per@hloric acid, as well as
ot her dehydrating aci ~°@kaC|aI : Ncigkot i C aC|d

(contai ning boron tri ep,ably in liquid
form, Halogenatidd 0 foacetic acid. It is
al so preferfed to ems ¢®Meentrated form

e.g. at |east 60% afuedbus When t he el ad ¥ acids are

enpl oyed, <:QEFrtlcwcgglfadf\’/anfageous results are obtained with acids havi ng
15 , h; %okl o N'g concerit.r at i esfriation 1. Deflucrination

15 oH sulfuari ¢ acid 90 tjo 959@mmmwm

phosp b, 85% Dechiorination *L perchloric acid 60 to
70% eqétion’time and t enperature db 'ndt appear to be critical
In carﬂylng 6et this pro- 20 cess, the starting conpound is added to
the selected acid and allomeé-to tand for 20" relatively short
periods of tine : 08 ‘eaﬁtartlng onpgiot i éhded to

hydr ogen quorlce‘, oat Oferr] to

50[err] C. and aléw% suaaaxmb ites, and even

l onger, e.g. up to S®ys “i ter N ?hydr ogen
fluoride is allowed tqg,e . The reS|dze ' nmenotreated by standard
pro- 25 . cedures to obtain a crystalline product as the hydrofl uoride
salt, 8*“’; lxrgrg ﬂr&m@slﬂ%ﬁhd 25 solvent and recrystallized from
solvents sugh @SBl qwer dl kanol s i . e. having up to 5 car- bon

at ons. Wmﬁ&&&%ﬂdhmd|5lmedlt|spwﬂewedtoemﬂoytammaﬂnes
bel ow X, and X H ’EE’IW@E?‘I@@F‘E‘H‘I oric acid is enployed, the reaction is

preferablyt§§ﬁ$ peratures of from about 50[err]C

and hi gher prgte rsé@uy, rnﬁgngaerr]c to 70[err]C. More highly 30
concentrated perchlorlc acid may be used in this process but its use is not

preferred 30



because of the explosion hazard with which those skilled in the art are

famliar. The reaction tinme does not appear to be critical since
the reaction appears to be al nost i nst ant aneous. For exanple, the
reaction tinme of from5 to 15 mnutes is usually found to give

excellent results when the reaction tenperature is in the range of 60 to

70[err]C. 35 Heating for
provi des no appreci abl e ad-
not used. At |ower tenperatures,

may be required

acetic acid or acetic aﬁl qmv?'r
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| onger periods of time, while not harnful,

35 vantage and for this reason is
slightl ygbggger reaction periods
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car |ed out

en 1
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compound in which Zis H as the mneral Aa@n ck. sah(ens)gn infrared anal ysi s
( KBr pel l et) shows carbonyl abkor »: or near 5.70 mcrons.
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"81N et hanol HCL)

fromthe vicinity of 345 n{err](which ous : p .I‘IStIC of the hem - ket al
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hal ogenation met hodsthpr%%ﬁ’ﬁéﬁéﬁtﬁ"‘&aé et hde s‘héne:i‘éf 5th Fhy!
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obtain 6 - deoxi - 6“‘9

utme

denet hyl t et racycl i ne @.,p s 1

"éc"ygi: grature, solvent, or chl lg_raxaungr_a R matg
::ﬁt? T is usua ’g eferabl e are t oFogt}é‘gu-keta
ﬁ sa{}c%t, af letrBd an, ne, di-

tion sequence. The 1Ibaer- allkyakmers oﬁethylemegl;iag{ & Peoplledegiguoly Qlhé @&:ﬂud')fis Shtalind€ byl €
Il are useful 15  merkdilutionpftthrencaciunyaiktine with omtes ebidt prosipiatesaheglla-Dhlaroteig-

substitution reftti offs st - ¥@ikdse pre- 15 vi ously described f 6
the 1la- e - ke%&w&sﬂs ucture Il, i.e. nitration and hal o-
genat i on.*:Fuff}her, corpounds of structure 11, in which E is hydrogen, also

such subst%

substitution reactions in the 6-nethylene group. In all of
tion reactions



where m xtures of conpounds are produced, the m xtures may be separated
into their 20 conponents and the desired products recovered by
conventional procedures, e g 20 countercurrent distribution,
col utm chr omat ogr aphy or conbi nati ons t hereof.
HALOGENATI ON OF STRUCTURE |11 COVPOUNDS For exanpl e,
hal ogenation of structure Il conmpounds, by nethods previously
descri bed under " 1 |a-Hal ogenation " of conpounds of structyre~l, produces
com _25 pounds of _structurd@$% and VIII. Starting witlif%ongpounds of
structure irhd 11alcRloMtoffbundd o not appear tEbd & Kty RALAISNRL Ll OF GUI &<
princi papondingl latbheio Lof@mnd thayireduding khe S0daBinSoiiBdcial kabdling iroprs-O ) occuring
at the Pampiesi Thepare nafaet quige aableesswowﬁd@ms, %ttn ay towtpH Yabies7 Femd 9 QhSI tions.
Starti ngxample’ na'Cth’ EUIDR dffenidrtal l:faFd“?gﬁn\)WEF’eFf E i s hydrogen,
of about 1 for ours at Toom temperature s ] no etectable de MPOSItion.

hal'ogenati gfe A hdlfdororetracyclines is nlp:ﬁsh bd byl d3fe: g’ﬁt&t 1Jtene gr oup, and to
a l esserngeosttraefttmeatombhﬁd %tp@smmtorﬂnﬂtﬁm}/ xorthebp‘rtesbnca(af a strong [b&8, t i ONsS.

preferably an alkah metal hyderdpR rarrie @ @ONVFPOUNDS

Ny GRS g bl AT gt e v

5

X. addlng erchl eauddide! A5 althnroon§t SR As Ehed ﬁITE procedures
previ oust the drofrm.zalﬁuetzcr @ar neutral values, the @rodat uﬁillylddﬂlrhﬂ’“t& Il conpounds.
Nitrati dg t@t:epg@fle t# BHeof parroxmieyots de crivstallioh iproRucEisjcallecipd ig She pr oduces
prpei pat Y bt Lo URARAZ AL 1586 AL ER IR pBL) SRkl 0l L1 01800 © 0 (1O

Jields MK ORR TG TRO IR Sy whith Rtk GiRah ot LUALRE | |1 conpounds in
V\/m ch Ein shithyid isepeumed that the 11a-halotaroaat 3 o:nthoﬁmnsreSxdpbﬂ tn:cllpa&rbqn on the
c- e hyr@weffqgrrv o e R el e Lo 2 Tesser
fnt ggj Jl tation the reaction mi ture aft % [gn(c)@% STR URE |V AND
#0compounds. The ksl 1IRIhAIGNborRpoufids ' 44C Tk c VI T conpounds
producesollomng)tonmdtswm&mz,rﬂ,rﬁtanrrﬁsre as pt€@iously defined; and IX respectively. The
nitration is acconplished using the same procedures here- i nbef ore
descri bed. ;. AfH (ee) 11a- DEHALOGENATI ON
The conpounds of structureg 1¥9%VvI, Vi1, I1X and X of the pr esent

45 I nvention which g
-1la- hal otetracyclines a

Lofeferred to as 6-nethyl ene
i ntermedi ates for the production of

-correspondi ng 1la-deshal O Rt fytatinet et r a- cyclines
(conpounds of structures \A ; I )¥of the main Patent Application No.
16158/ 61 Seri al No. (99503f) x Although such structures of sone

of these ;? g g%{‘)é) 0}0 berel or‘rterlf;g mn

sags- aniyitty BT R DB e U cay i thei
roader confdunds substttutedﬁﬂﬁﬁtﬂddlﬁ]o@ -p&hﬁfohsVEiCMpE@a)f ARk ar\ixﬁitic@ﬁbbtes of

m croorgam smypnslate hmenaaott arrdrntuymmgar nst i ndi- vi dual organi sns and

particul arf 9‘5331 Bop it aopichyy cantpceipgyth EEXP%@H S comptiher, the

pr ggent sé‘\{iﬁ%ﬁ@fﬁm °h?2ﬁ éﬁﬁ‘gﬂtrﬁ oikietd L P ALD érﬁ, drié?gse causi ng
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5 acetic acid or hydrocloric acid.
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activity, espweel eddlyyts.opyeferably atMuperasoespleris Prospereeridydogen gasage.ewpsto400,
a tetracycline- si S%%ﬁ)g 1000 atmospher temperatures .gher than room temperature (20—

? ) may also be requ m%o erm subst tial yield ixe desired 5
995, 033 product. Under such conditions oly n!’:l @35 feVel 1 N

2. 6-deoxytetracycli Ihﬁir&y giahp-aadht or e-hﬁeﬁebxhx/ emainetgroapsyellll a“nae be suscepnble to
MC (ncg./m.) Og amr Hquon For example, 7 - nitro - 11a - fluorgtetracycline - 6,12 - hemi - ketal on 3

ment ogen r palla carbon at es: £.15Q0 psi yields
M crococcus pyogenes mt aha ﬁa?mlﬁg ﬁk gracych%um? roduct, §4 tu%o d 9 40

St rept ococcus pyogenes The present 1¥4lhalovetracyclines miketals are 2o @eff 4sGRERENRGUS
faecalis <0. I8 the synthesid .off 8-deoxytetracyzline{iOpl teg@emUEth{iydgep 3hsaie the pre-
<0. 19 3.12 sencexef 2 s:gelpf]enggﬁrai s@bkl;ggfgg oh iog;te the 1& haicsen and the @. 39
¢l
- Corynebacteri Lim di I&m‘ tﬁéﬁr superatm o pressures m he us 'ﬁmq ﬁqg%;fl@ pre- 45
nmonocyt ogenes ferred Qo 28ploy high (i, es, particul#ly ﬂ‘d&o-S dridd Svhich are
<0.19 0.01 foun@tolt2 ldsmsmécepivible itd !hyd@ge@dmmnd are preferably hydrogéholf@d at ele-25
100 (50 p. ') vated temperatures, e.g. up to 100°C. Except in the case of 1la-fluoro compounds,
%\4 ! temperatures does not appear to be critical in this reaction, the use of high temperatures
50 (up to 50°C.) mainly serving to shorten reaction time. The 1la-halotetracycline 6,12~ 50
R / hemiketals appear to be of only slight biological activity when tested in vitro against
test organisms such as Klebsiella pneumoniae,
-~ Employing the procedures hereinbefore described, the present 1la-chloro and
- fluoro compounds of structure II may_be converted to the following products:
55 7-bromo-11la-chlorotetracycline-6,12-hemi-ketal 55

7 and 9-nitro-11a-chlorotetracycline-6,12-hemi-ketal
7-iodo-11a-chlorotetracycline-6,12-hemi-ketal
7-chloro-6-demethyltetracycline
7,11a-dichlorotetracycline-6,12-hemi-ketal

60 7-fluoro-6-demethyltetracycline 60
and corresponding non-ketalized compounds where apphcable The 1la-halogen atoms
may be removed by the methods described herein.
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py o‘@eneSJOWQIUSphwra@dspcchlﬁﬁc fcid, as well as other dehydrating ac1ds, such as gl@ialS5 10 6.3
>100 (Fortie acid (contammg boron tnﬂuonde), hydrogen ﬂu(@dﬂ@referably i@ liquid form), 50 * Resi st ant

triha t loyth
(o et dRAThEEE aagﬁcgtﬁ*f’g U S st stant 1o
tetr acy(hhtisﬂﬁ‘e &Inpl@yeﬁoﬁh&?&ﬂl Ay kdv gRal mvxth acids having _

9955033 the following concentrations: Thasfol | ow ng

tabl e sunnarlzes he | ro tivity of further representative
conpounds of thq, aag @%{ Aon No. 16158/61 (Serial No. 995031)

TABLE 2 padecac ty- 6- denet hyl - 6- net hyl ene- 5- oxytetracycline
2. 7 Chl or o- 6- deoxy- 6- denethyl 6 nethylene 5-oxytetracycline
I\/I (i( c,tfﬁn ime and temperature do Q%é be crmcgl In carrying out this pro- 1.
€55, tarting €o id a stand for

2. relauvely short fghp 8%;851;@% g § gﬁnggidﬁxlgg‘\ggd s added to 20.78
0.25 hydrogen ﬁuonde,sptrdf@ YOR(RCHy 8rogd QIG&HEESW 0° to 50°C. and allowed to 0.78
0. stand for 5 to 7 JStnmeq;)tamt:mn’: !,osgef aac ap |t($<everal hours, after which the 0. 39
0. hydrogen fluoridqyjs 511 idye is then treated by standard pro- 0. 39
0 g% cedures to obtain E rg%z} g,rd dﬁ ;ﬁ?%e .g. stirred in a non- 25 0.39

' solvent and recrys X 9% o having up to 5 car- ;
0.125  bon atoms. When sw@ﬁhb’ B@ %C&s@f itlilsm: ttthnb@ﬁtcmperatures below 3.12
1. 20°C. When perthlait @¢id & emp]mztd,yrh@ge:nesm preferably carried out at tem- 0.19
0 ]39 peratures of from about 50°C. and higher preferably from 60°C. to 70°C. More highly

' concentrated perchloric acid may be used in this process but its use is not preferred 30

because of the explosion hazard with which those skilled in the art are familiar. The
reaction time does not appear to be critical since the reaction appears to be almost
instantaneous. For example, the reaction time of from 5 to 15 minutes is usually found
to give excellent results when the reaction temperature is in the range of 60 to 70°C.
35 Heating for longer periods of time, while not harmful, provides no appreciable ad-
vantage and for this reason is not used. At lower temperatures, slightly longer reaction
periods may be required to obtain substantial yield of the product. When trifluoro-
acetic acid or acetic acid are used, the reaction is preferably carried out at room tem-
perature for a pericd of about 24 hours. After the reaction is complete, the product is
40 obtained by standard procedures. For example, it is most convenien: to merely dilute
the reaction mixture with nonfsolvent, e.g. water which results in precipitation of the
product as the resulting acid addition salt. The product of the acid dehydration may be
converted from the resulting acid addition salt to the free base or any desired salt in the
usual manner, When the starting compound for this process is an 11a-fluoro compound,
45 best results are obtained using perchloric acid. 45
The products of the dehydration process are 1la-halotetracyclines of Structure III
which are named 6 - deoxy - 6 - demethyl - 6 - methylene - 11la - halotetracyclines.
The compound in which Z is H, as the mineral acid salt on infrared analysis (KBr
pellet) shows carbonyl absorption at or near 5.70 microns. This absorption as prevxously
50 mentioned is lacking in the 1la-halo hemi-ketal starting compound. Further, there is a 50
dramatic shift in ultraviolet absorption maxima (measured in 0.0IN methanol HCL)
from the vicinity of 345 mpu (which is characteristic of the hemi-ketal starting com-
pounds) to the vicinity of 375 my (which is characteristic of the dehydrated products).
The dehydrated products also show two additional ultraviolet absorption maxima
55 which are respectively about 4.2 and 5 times more intense than that at 375 mu. The 55
two additional pesks are found at or about 240 and 277 mu respectively, The previ-
ously mentioned characteristic peak at about 375 mu in the case of compounds in
which Z is H occurs at 380-—390 my in the case of compounds in which Z is chloro or
bromo.
60 Additional 11a - halo - 6 - methylenetetracyclines are prepared from D-ring sub- 60
stituted 1la-halotetracycline - 6,12 hemi-ketals in the same manner, The D-ring sub-
stituted hemi-ketals are prepared by methods hereinbefore described. Thus are prepared
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human serum HALOGENATION OF STRUCTURE III COMPOUNDS

MC (necg/nl) For example, halogenation of structure III compounds, by methods previously
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invitro activity agehdigiratin Iis@tf:c@ﬁpmmgﬁg @ saéE AL scnb

6 - demethyl - 6 - et lsewere IISompoaxdy Nitratiane yfGirianes 111 compounds in Wthh Eis OH When
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I nfection produced mnth tetracycline- sen5|t|ve n1croor anlsns The

PD[err] (PD protectlv

(Ton o otced i n WD BRI IR el AP AT T s

(orally) an inbefore described.
11a-DEHALOGENATION
The compounds of structures III, IV, V, VI, VIII, IX and X of the present

45 invention which are hereinafter refcrred to as 6-methylene -1la-halotetracyclines are 45
intermediates for the production of corresponding 1la-deshalo, i.e. 6-methylenetetra-
cyclines (compounds of structures VII and XI) of the main Patent Application No.
16158/61 Serial No. (995031)

Although such structures of some of these compounds appear to be isomeric with

50 known 5a,6-anhydrotetracyclines, they appreciably differ, particularly in their broader 50
spectrum of activity against varieties of mxcroorgamsms, higher acuvxty against indi-
vidual organisms and particularly against antibiotic resistant organisms. Further, the
present compounds provide animal protection against disease-causing organisms which
property is not shared by the known 5a,6-anhydro compounds as is well known.

55 The dechlorination or defluorination reaction may be accomplished by standard 55
methods used for the removal of chlorine or fluorine including both chemical and cata-
Iytic reduction methods. One such catalytic reduction is accomplished by treatment
with hydrogen gas over a noble metal catalyst, e.g. palladium or thodium catalysts at
pressures ranging from atmospheric to 1000 atmospheres and temperature ranges from

60 0 to 100°C. A variety of chemical methods may be used, One such method involves 60
reduction with alkali metal hydrosulfites. The starting compound is added to an aqueous
solution of the selected hydrosulfite and allowed to stand at room temperature which is
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of 20 g. of tetracycline base in 800 mM. of water cooled to O[err]C. is
added 45 m . (2 equivalents) of 2N Sodi um hydroxi de sol ution. The

tetracycline dis- solves to yield a solution, the pH being
approximately 11. Perchloryl #fluoride is then 40 bubbl ed t hrough
the stirred solution (maintained under a nitrogen atnosphere) until 40

the pH of the m xture approxinmates 7. A heavy precipitate starts to form
bet ween pH 8 and 8.5. The excess perchloryl fluoride is
flushed out with a stream of nitrogen and the nearly white

crystalline material is filtered off, washed with water and dried under
vacuum at room tenperature to obtain 7.9-8.5 g. of product. U traviol et
absorption 45 shows maxi ma at 267 and 340 nferr]; infrared shows
no carbonyl absorption bel ow 6 45 m crons. Bi oassay
agai nst K. pneunoni ae shows an activity of 8 ncg./ng. on the tetra-
cycline scale. Elenental analysis gives the follow ng results:

Calcd. for: (err]Herr]Nerr]err]F[err]Herr]O C, 54.95 H 5.20, N

5. 83 Found: C, 54.97, H 5.19, N
5. 85. 50 EXAMPLE | |

50 1

| a- FI uor o- 5- hydr oxyt etracycl i ne-6, 12- hem - ket al To a

m xture of 6.9 g. of anhydrous oxytetracycline base dissolved in 285 m . of
met hanol cooled in an ice bath is added 1 equival ent of 1N sodium

nmet hoxi de- nmet hanol solution. The yell ow sodi um salt
precipitates. Perchloryl fluoride is bubbled in and the 55
sodium salt redissolves. As the m xture nears neutrality a heavy
precipitate starts to 55 form The excess perchloryl

fluoride is swept out wwth a stream of nitrogen, the pro-

duct filtered off, washed with cold nethanol and dried under vacuum at room
t enper a- ture to obtain 5.1 g. of pale yellow crystals.
Infrar ed absor pt| on shows no car bonyl absor pt| on bel ow 6

o -~ L, o o - I o o, ~ N



995, 033 13 336 nferr].
El enental analysis gives the followng results after recrystal lization of

t he product - fromwater. .Calcd. -for.—
C[err]H[err]Qerr]N[err]F 2Herr]G C, 514 H, 525 N, 55

Found: C, 51.2; H 5.3 ; N 5.7. 5

EXAMPLE 11| 5

1la- Chl orotetracycli ne-6, 12- hem - ket al To a solution of 2.2 g.
of anhydrous tetratdycline in 25 m . of nono8¥wde (di net hyl et her
of ethylene glycol) 15 added 800 ng. of N-chlorosuccinimde Wth stirring
to di ssolve the reagent. The mxture is allowed to stand for seven
m nutes and then 10 diluted with vvater 142 i .). The product, 873 ng., -~
crystallizes as white needles. Bio- assay of the product shows
a tetracycline activity % g%?ﬁ?ﬁ%’%:%ﬂe/ ng, agai nst K pneu-

noni ae. I nfrared anal ysi [ nds between 5 and 6 m crons.
Utra- vi ol et ab'solrp fon s fe?e?é?% fﬂrgrlg at 267 and 340-342 nferr].

On treatnment of this product with sod| um hydr osul f i MECi(mcgaonlipous

di methyl form 15 ani §B8a8Emr oom t enperature,Mtetradycline i%
regenerated. Bioassay of the reaction mx- 15 ture shows a
tetracycline activity of MidBcofeGbpydgefies vifDaurdud. <PIBUNDNOAS) . 50 (25 p.) The
crystal line hydrochl ori d%%qﬁocodqwsgém@duct IS %gl ned(ég di sﬁ%ﬁw ng it in
excess aqueous mom;e and fr dry g t he xture.
EXAMPLE |V 20 Erysi elothr1§ rhusiopathiae <0.19 0.39 —

7,11a-Di chl orotetracycli bicteriivd [iphiheriaal 0.78 3.12 >100 20

A mxture of 2.4 g. of a F BonReeyPagesist or t et r ac =19 ne, 6 0 ng23 of
N- chl or osucci ni - Bﬁ& v ;25 m . of 82,179d| xyet g%ig% dys stirred
for 2 1/2 mnutes, after agenes <oof9 et her78| S aglsl f ol | owed
by 300 m . of hexane. Th@enobagtes goiogeatse t hus formsekt is 6.3 >10¢ol | ect ed by

: : a 1.56 6.3  >100
filtration, washed with %ﬂ‘i@ &ﬁd dried. 25 136 6 Z 100

EXAVPLE V Pseudomonas aerugmosa 25.0 100 25 >100
11a- Chl or o- 5- hydr oxyt et r Salpedelligatigard?- hem - ket al.12 12.5 >100 Twent y-t hr ee
grams of anhydrous oxyt e?ﬁ%& H4 poleruins dj ssol ved- §8n 258134 . R0 fp) 2-

di met hoxyet hane and 8 ¢ ’Qﬂ“ﬁ? ucci ni m Qe}, gS negﬁ ad&’e‘@o The mi xture

is stirred for t\mmsghn lﬁﬁmﬁﬂd then powred i np@ol |It@QsOf stirred
wat er. The product whi ChSBl@ellasonnelsepar ates is Gol2l ectdd2by fil+ration,

wat er - washed and dried. B ?ﬂa é’&d‘g sis of e19 30 0.19 ?i)duct ( KBr
at 1% concentrati on) shoxag e eafbéhyl absor ptéooﬁ in §fg 5-62

regi on but shows the fol PawuRihfulicidd pal peaksco.®. 12, 0.89 35, 6566 6 85,
7.22, 7.55, 7.75, ;ﬁt%ﬁpgg@cussd‘%aé?uaw 36, 8<P819 9. 1§- gnd 91§1§8m crons.

Bi oassay of the product c cli ctivi of 4

mcg. /ng. 35 Candldaaa%gis R O Vi 1%0 >100

35 Sarcina Idea d sal ts of <0.19 — 100

1lla- hal otetracycline-6,12-hem -ketal s hydr o%hl oride salts
of the above-described h]aliRlQis@RTRANR gé? by

di ssolving the free base i n wat er con@gl ﬁ?fﬁcg%(gcﬁp%ﬁqﬁ%% ‘ar amount of

hydr ogen chl or - Bte *and freeze-drying t6k&5 res@Bti ng18®l ution. 40

In simlar fashion, sal t S0Pl formed wth sul flbris hng obr 0';'3(3 and
phosphori c- 40 aci ds. '

EXAMPLE VI | *  Resistant to tetracyclme at a concentration below 100 mcg. /ml.

11a- Chl or o- 6- deoxy- 6- de h | - 6- met hyl enetetrac i lla -
Chl orotetracycline - 6, rlrg;_ ?"i'étﬁ‘i‘tmteﬁéf "df‘§‘§’6el“é%tﬂnp§°“f?°d’ﬂfﬁt’fmhydr ogen
fluor- 45 ide (inaratioof 2 g./15 m.) at Oferr]C The mxture is
mai ntained at this tenp - whi ch
t he hydrogen fluoride is evaporated off. The residue is triturated
in ether to obtain the solid product, 1la - <chloro - 6 - deoxy- 6 -

denet hyl - 6 - methylenetetracycline, as the hydrofluoride salt
which is recrystallized from met hanol . 50 Al ternatively,
the crude hydrofluoride product (10 g.) is dissolved in 350 m. of 50
Herr]O by warm ng and stirring. An equal volunme of conc. HO is added to
t he cl ear solution and the product crystallizes as the

hydrochl oride salt. Elenental analysis of the



hydrochl ori de salt thus obtained gives the follow ng results:
Calcd for: C[err]H[err]CIerr]N[err]CI[err] C, 53.11; H 4.56; N, 5.63;

<htortde—7F—%+3—55 ot -€—52-62;: H 4.63; N,
5.54; chloride 6.84. 55 Infrared anal ysis of the

product as the hydrochloride salt in a KBr pellet at 1% concen-

tration shows carbonyl absorption at 5.70 [err] as well as the follow ng
significant peaks: 6.1, 6.23, 6.36, 6.45 (shoulder) 6.91, 7.85,
8.14,_8.55. 10.22. 10.55 and 1888 B oassay

995, 033 roduc an oxytetracycllne
acti vi o &é"‘n@g o Zﬂﬁ&gﬁﬁeﬁghisﬁnssf}lﬁﬁﬁﬁ S SO e Sarpl e i
0: 01 N net hanol - H shovvs maxi na at and 242 merr]. The
product shows an R[err] val ue @RBLE2om 0. 2 to 0.3 in the follow ng

system 5 X . e 1.l - | mobi | e
Phase 1. 6-Deoxy-6-demethyl-6 meh@l@ﬂefoxﬁt@ﬁﬁlme 20: 3

t ol uene- pyr iali M€hloro-6-deoxy-6-demetpft64nethylons: F-exyteamgpligous)

saturated with pH 4.2 buffer gglcn al%lqals of the papergramw th

ul traviolet dight,, the product spoj do oregce strongly.
However , on._sl.Jﬁr_a.)u_ng_AM_t_h_aqueaus_sndl um hydLOS.I.LLf_LLe.,. it shows strong 10

quorescence

10 Microcopgse PYoREs Y Y i s boi | ed-Th net hfrfdlic-conc. HCL. nixture
the unchangedis chtb@ocus feealis . duct is recoverggh Undep'g he same conditi ons,

t he st arti nipieR@Eaiduhdaiaconverted to a  0.39 cooweund presuned to be

11a-chl ori s?%gg%a ghqs;%ﬂv&g%ch on treat nerﬁ-?g/vi th a@%@%us sodi um
hydrosul fit cycline. 15 0'19 019

EXAMPLE VI | IBacillus subtilis 0.09 001 15

11 a- Fl uor o-IGetckacidysceidenet hyl - 6- net hyl eneﬂmracych—ne 1l1a -

Fl uor ot etra(%@ﬁi n @1%:!16& hem - ketal, ng ioézstl rred in 2 m. of
63% e ‘ﬁjaf)gd&s d. The s(p d disgbkved on warmng to

60- 65[ err] C.A dagcte;&gﬁgﬁ ! %gb |ch t he.ss1 xture is cool ed and
water is add:"edlemcdna@dt ain 11a - fl uoro - 6 3121eoxy- 02@ 6 - denethyl - 6
- met hyl enetP “F E:slafiﬁén%% the perchl oratt salt. 2product shows the 20
same absor pt gﬁj fhAvi ol et and infraréfliapgl yS'o.SisaS that of Exanple X .
EXAMPLE | X Klebs1ella pneumoniae 3.15 (p) 0.78

11a- Chl or o- @¥eifesthgynogcheteqret hyl - 6- net hyl ene-Glbxyt et Rd8ycl i ne
Fi ve grams @g‘é’g@;’#mm@ﬁ‘l‘%"ro - 5 - oxyt etrag%lg i ne -g 12 - hemiketal is
added to 25 Brucelia cﬂ};ept,cpf dry, liquid hydyegen fl gmsi de, and the mixture

is stirred fMalleo’ﬁuy&slmallans at ice- 25 1.56 bat h ©eperature. The hydrogen
fluoride is Yakrig of f by warning undeg 731 fI ow—”c}jZ ni trogen gas
to obtain t?fézﬁﬁez Blf"c'ﬂ’é t he hydrof | uori dey’ ‘ The crude
hydr of | uori Ggepé@ usoggmcsaedl ssolved in watedz.gand conc. HA or per-

chloric acid (709 is added dropw se to precipitate the hydrochloride or
per chl or at e Aggobotic redsint wrajng efMicrdeqser gyogends Bara¥ters odi de salt is precipitated

from acet ongzgol uti on of the crude 30 g0 hyggof | uori de salt by
addi tion of 47% hydriodic acid. Al ternatively, the original
reaction nmi¥Mre is diluted with 6-7 vol ubes of wHPer and T,ce and
perchloric agi d qL-napRkdgl ene sulfonic acid (concentrated acid) is*pdded
to Mjwwmm acet né‘;&f' t he
ori gi nal reactl on mxture 35 foll owed by additijagn of H, pr
the hyer}ga §€ i %frg teslts were repeated in the presence of humeﬁx serum, simglar (i'es ults The
| odl"ﬁ si’ f° NN b .ﬁfsﬂﬁdwlghod\}vse TIPS g val ues:
L. Dechlpftatidn-ir Stfnbhiaed TQerr]C] H: C 43.7; H 3.7:°N, 4.6; d,

5. 8 Found: Mlét(mééﬂnl? H 4f0; N, 4.2; d,
5. 5. 1 2

Microccocus pyogenes var. aureus 5 0.78 0.39

Streptococcus pyogenes 0.78 0.09

Streptococcus pyogenes 98 — 0.19

Micrococcus pyogenes var. aureus 209p —_ 0.39




U traviolet analysis shows the follow ng maxi ma: 222, 270 and 372 nferr].

40 I nfrared anal ysis shows principal peaks at 3.05, 3.2 5.7, 6.02,

6.03, 6.22, 6.4, 6.88, 74,40 7-8—8. 1——8q9—acnd—-94._—m—e-r—gns-—'l2he———
perchlorate salt on ultraviolet anal ysis shows naxi na at 237, 270

and 372 nferr] EXAMPLE X

1lla - Fluoro - 6 - deoxy - 6 - denethyl - 6 - nethylene - 5 -

oxytetracycline is 45 prepared in the sane manner as in Exanple Xl I

using 1lla - fluor® - 5 - oxytetra- 45 995,033 cycline - 6,12 - hemi ket al

as the starting COMp{ %'Qged that 7 - chloro - 6 - deoxy - 6 - demethyl - 6 - methylene - 5 - oxytetra-
EXAVPLE X cycline has greater in vitro activity against a large number of organisms than 6 - deoxy-
11a- Chl or 0- 6- Met hy| éreéénethynad/Ghetiiglene - 5 - oxytetracycline. The starting conpound of ~

Exanpl e VI is dissol vgféimfﬁ sél fderr;qﬂayrl aéi- dn&hyle h@otetracychpnwaﬁoeswﬂ ) and

t he mi xt up@, .a’owed {_ f gy are ?é“yﬁ? ’
50 Qf:’bt lned§§§£§;g ac’a : >°! &cm@ucsse)rf&&x &)vgiﬁbdﬁh g%%ﬂi;ﬁseveral

vol unes ofe.di€f hyl ﬂbxhetbduced with Mza chsi byo@rdsngr. aureus 5 is 3.2 mg/kg. (orally) and
EXAMPLE XI T~ 0.34 mg/kg. (parenterally) The correspondmg PD,, for tetracycline is 6.4 mg/kg.

1t mg /ke. (pagenterally 0
| a-Chi or o- 6-Bethy| RSV FACTLEREE B cuzds gt T B 854P e ARG X s
obt ai ned asyt he phomh?ﬁ%ﬁ Seridl INdJ$ 5'@91) tlatedOidto various thera

in lieu of “sul furicpesiiogs carctemprisihe tlsammocmlnd latphms:exmsﬂlgle@entabteednerrthdrdqat
exanpl e. o fore. They are useful in human therapy, and they are useful therapeutically @dim 3

& 15 as growth stimultants, in veterinary practice, an ¢ 15
15 & For human therapy, th usu?; Pé)ral dosageww %d lis from 0.1 to 2 g, per
Prepar at on of M negal foAEHedw &uhO?l‘he products are formulated into capsules or tablets con-

11a- hal o- 6- net hyI enanmtgrfamya ior¥88Q mg. of annbmtlc or an &fivity-bagh Bmsp@sxens 6r soludmsx - 6
- denethyl - % ﬁ}ﬂr;@ﬁgﬁ?ﬁs &t ?PP‘ﬁ‘%lhﬂ’( FigEiongange from 5$ ls re_ d jon
water and the go' ut c!gg ég% sliar Y ulL@ﬁﬁz ﬁ%ﬂsg Eﬂ?ﬁf%ﬁ nbmtlc
conmpound whi ch precnaptdna:h@asmssrafghng tfedne so an nRiEhiekakién & Bypound
is dis- sol weghs |0hlsotmzchszhmbns dwmgaannbwt canccrmiamn of gbruy ¥ mpymiBoth

hydr ogen chl orl gde af@est loproduct are convesjgpdy diggbuted 2y SOP g oo cgsw f°atf‘?3d by25
(he'adaltronof’ e heeiaie MM ERPLE: ﬁ‘ffﬁfﬁ’@;‘i bl L

the method of Exanple Klis s fRelly 1ﬂﬂerﬁ|l€d’& mome glahifay p aﬂle&wbaﬁsn ﬁte, tHeQiEid 10
hydrochl oric acid i andtgsdts gfrb@metwe@vmh@mcaanncyﬂhes correspondl n salt.

10 i ng, S A B O R . LG n;fif“Fs S de o
sul fate, hydri8di de gpe dosage fornd) Tihbe@lsklrs ORI mgq)nﬁa pta %m Tod- ha?
- 6 - nethyl ene - t eistsacydvbldeh tbe isdldtien and purificatiopfof the (ptt&menearm}ag@hrﬁs“ &d
prepared. — - also in|the prepiretionafphermacetichiiyracaspipbiessaltsr e f or med using a
variety gheaci ds, for &kefaving expgples are giyeg Bppay CEMPHBYM i ¢ aci ds such as
tartaricy,ci b§’ mal i c, benzoic, glycollggue@ uconic, 15 gul oni
succinic Ha(eet i c acid. The sal t$1afR1:ﬁomaﬂramltnh6,phacrmaﬂut i cal |l y-acceptabl e

aci ds are usef Ub afsespensioneaf égy ng\bas¢yin 800 ml. of water cooled to 0°C. s
prarmaceyg oo Uil G SR AN Sl B on
of the pfduct g, and bibich ibtoudh QR hed b c.adfﬁgyn

salts. the pH of the mixture approxxmates 7 A heavy prﬁmﬁts)@ Mrm between pH

20 8 and 8.5. The EXCEeSs heéfou tréanvpﬂ

e provuct of syt eI S A
freshly prepargs 50|sl%tvb @AxiPh aB O AHA 33y u@Sﬁh[af'eH sBo cifenyl 4bsofptidh bel 6Wa ejs)
i s added. Thecrons. XBicassey agsinsa K. onvercloniap slssWamhctﬂmy ofl Smrg. fmgt @sthaets-oom

tenperature, after wiesscale Efemenplanalysis givey hplolaringiresylist hanol and extract ed

with butanol. The bytano oolp%gon eghtgrsatgdn@SN 5.83 to obtain the
product, 6 - deoxy - d~}°fie }% é’ 4] emed.eLr acyahi ne. The pro-

duct is crystallized fromacetonltrlle Alternatlvely |t S crystalllzed

as the hydrochboride ! Fl orw\%ﬁ emcg olf concentrated
HCl . On t q‘gtal gtm% an ych ﬁaseodxég(gﬂﬁtm ﬂ@%nladf
oxytetracycline act intihhib! &blediin an 1ce bath is added 1 equivalent of 1IN sodium methoxide-methanol
solution. The yellow sodium salt precipitates. Perchloryl fluoride is bubbled in and the
53 sodium salt redissolves. As the mixture nears neutrality a heavy prec1p1tate starts to 55
form. The excess perchloryl fluoride is swept out with a stream of nitrogen, the pro-
duct filtered off, washed with cold methanol and dried under vacuum at room tempera-
ture to obtain 5.1 g. of pale yellow crystals. Infrared absorptxon shows no carbonyl
absorption below 6 microns. Bioassay against K. pneumoniae shows an activity of 4
60 mcg./mg. on the tetracycline scale. Ultraviolet absorption shows maxima at 265 and 60




30 | east 1100 ntg./ng. The product shows an R err] value of 0.6 in the

sane system as 30 described in Exanple XI, and follows the
solvent front Tn the TolTow ng system B Mobi | e Phase

| mobi | e Phase 20: 10: 3 nitronethane: chloroform pyridine

pH 3.5 buffer (aqueous) EXAMPLE
XV 35 The procedure of Exanple XIV is repeated to dechlorinate the
correspondi ng 1lla- g;gloggo 6- met hyl enet etracyclings to provide

t he feol ———&-—ha-t——ef——@arrpl e XIV on

ul travi oﬁ%ﬁ% manBlenenal apadsds givesl e ifefloping fosels efieraneryyadizstios vbws a | ack
of car boR¥F™ %Wﬁf‘ron by virtue of no maxi numat or about 5.7 microns):

7- Br onD- Galele Gy - 6, 8SORLYIL06- 'ty enes ot r acysl i ne 40
7- Chl or oFéundeoxy- 6- demet hyl - 6-ayst bylle,nﬁi et Nacycl i ne

40 ﬁp 5- Hydr oxy- 6- deoxy- % de tIhyI 6- met hyl enetetracycl i ng

EXAVPLE XVI ' 6- Met hyl enet et racycl i ne
hlorotetracycline-6 emi-keta

A mxture ofo g &fuioBef X B?ﬁh%@!ﬁl‘r&yc eP in @15 ?ﬁd Wtionoglyme (dimethyl

(11a- chI ethg-db- ermteireyglmk)txetddad 80tbmg. of NcM@bsuwirinkiyedwitic lrengi de) and 100 ny. of

zing, i éfO thl"oli’eaga‘%it X lserg leW@dtOfS@Pd 1 Sevmsmﬂufes and | theni nut gs at room

CI' sta.
t emper at f‘ay}: duc cline ctu7gﬂ ‘i Tégﬁg ain 3(t ure I S .
il teredma}%&i 1B el shcﬁ@ Q4}BonylObands'BekiaY e - hydrochl oride
separ at esiolet absorption hovamakine aczzsmexelrsm-aszlemur eaction m xt ure and is collected

by | tratj B ireatment of this product edxs e e %yl e Wa‘élu %Ej;ragr@@foqm;, ng s the

008 peraty ioassay t 1X- 152
SO' ent gglegihm 'étr cline j(e:tl @1 (K preuniont § TOhE wi t h conpar abl e
The crystalline hydrochloride of this product is obtamed by dissol 71ng it in excess 50
EXAI\/PLE ¥ubdus HCI (pH ca. 1) and freeze drying the mixture. - Met hyl enetetr acycl i ne

250 ng. of the product of Exagple th and 250 ny. of sodiumiodide in 25
-6,1

m . 29 of acetongnla_q)lgh%(_ ﬁn dengﬁ}& The reaction mgxture is
cool ed, filXefiggt cang gc&ﬁﬁ@éﬁ‘bus hlomtra’wcm{e . Gb-alidoshidami- pr oduct .

55 mxdgf and 25 ml. of ql W2 éilxmetho;(yethanc lls stflrred for 21/2 ﬁ)ﬁAMPUEr gx{lﬂi 100
6- Met hy| & g ‘%‘@F , igllowed by 300 ml. of hexagry) Thepregigitateripus femefpise VI | pr oduct
(11a- chl B¥6* l%;'P‘rg]f SHETS IR PR dr o- chloride) is refluxed in

50 g8 . of acetone for 24 hour fxaMdie v xture is cooled, filtered 60

clear, and concent r at-€tlowriderrorediacyeithe pi2ssnitkaalt 0 obt ai n t he product as the

hvdr o- )Twenty-three gramg ragy pRytetracycline is dissolved jng250 ml. of 1,2-
ggg 8 33 dxggthoxyethane andeflihg %f{ N-chl o(r%?;iccﬁmmlde is next added. Thc m1x “g] d XI X

for t minytes a en oured. into 1 liter of stirred water. The p

Theamydrszgda @ é‘@m’fmtr Rer-vakHed 3A®driedY fa@@llaﬁk@y«ala mphospiat e salts of
t he producﬁéKmtahy%ew@teem‘atlal() Bdwis me Sarbyngl ?F(ﬂgﬁw gdthadedrmitrag to t he met hods
deSCI‘I betssi ???Fbg following pnncg*(z\npqus 612, 6.3 6.85, 7.22, 7.55, 7.75,
EXA r% {?E 8, 9.18 and 9.43 microns. onassay of the product shows a tgtra-

MPLE Cline a 1v1t of4 cg.l/ The
sodgsum sal t o?t met Nyl enet et ERGyed vne i s prepared by dissolvi®dg the tetra-

cycline co ound i rAcwmalerof ¢ ritalntemacndjneas, | Peliemi-kegdpu i vaI ent amount of sodium

hydr oxi d e hydr‘mhl‘m salopfi g Bhverdsscrived d jahalpr omppup 2t he sodium sal t.
Simi | ar| § dielpips the free-age *gm Cﬁﬁ@f%ﬁé’ QAP TSP *ysweg Pt he 6-met hyl ene

comgounds sxmllar aersmoxprsﬁd@a&e rmddrbﬁ{huﬁmg, hydeobeiiodse i phbsphdric t hi W49 bar i um
cal ci umasgkronti umand nmag- 10 nesi um sal ts. In

simlar fashion, other salts _Eg‘ e-meghyijene ey @inY ariety of acids and bases,
for 116X Bl G .%E,’ﬁpﬁe Y 1s Qisioivbia haMERyaRgentebL ar i c, citric,
mal 45c, bRB ziflaGatioddf LGOF16 infl.) aQd°C: The mixture is G@iRtaied BUhiOfRmBeratariCCi Msc and acetic

aid, as fnellmt—bﬁsmiumtsmfs: ghirh thed [irrigenciyip rld&r}dﬂﬁm@% aﬁﬂéhewlgue s pases. The salts
t: 1 CS 1
For red w{YWHphia B AR i iutary Hor ghips 4 S Lac Syl usefui for 15

methanol.
50 Alternatively, the crude hydrofluoride product (10 g.) is dissolved in 350 ml of 50

H,0 by warming and stirring. An equal volume of conc. HCI is added to the clear el

solution and the product crystallizes as the hydrochloride salt. Elemental analysis of the A

hydrochloride salt thus obtained gives the following results:

Caled. for: C,.H..O,N:Cl,; C, 53.11; H, 4.56; N, 5.63; chloride 7.13
55 Found: C, 52.62; H, 4.63; N, 5.54; chloride 6.84.

Infrared analysis of the @rdwet-as the hydrochloride salt in a KBr pellet at 1%/ concen-
tration shows carbonyl absorption at 5.70 u as well as the following significant peaks:
6.1, 6.23, 6.36, 6.45 (shoulder), 6.91, 7.85, 8.14, 8.55, 10.22, 10.55 and 10,89, Bioassay



t herapy; those with pharmaceutically unacceptabl e acids or bases are useful

in the puri- fication of the new products and |nthe preparatlon of
pharmaceutical | y acceptable salts. ~— -

EXAMPLE XXI A suspension of 6-nethylenetetracyline is prepared
with the follow ng conposition: 20 antibiotic

31.42 q. 20 70% aqueous sorbitol
714.29 g. 14 G ycerine, 9§§B

187.35 g. —cum-acacta—{340%-sel-uti-en)—

100 m . glthe pioduct (K.p g%) PBPWS E](y)qutg apyggn@ctmty of 50-—100 mcg./mg.
traviolet ana ) 8
0.5 g. 25 and 242 mp. ﬁc %tf’laﬁ%ég’ : v fom h()grol%@%??éﬂtowj -
0.172 g. system:

par ahydr oxybenzbat e (preser vilblid@hase 0. 094 g. Immobile Phase Water, 5
distilled, to nmake 20:3 toluene-pyrtdmelgb | i t epH 4.2 buffer (aqueps) t hi s

suspensi on, various sweeteni ﬁa"aé‘ﬂd"“?l’ﬁ\?‘ PiFng agents as well as acceptable

col ors, My GeardYeed dRYpafddRint fith JRSvickd SRRNA REuEQPd: Abdd Sot fuoresce

appr oxi mat el y 25 Ny . strodglya Ao ton spBing with aqdeouslsquuxpexya: tej kti hess. strong

30 fluorescence. Eg(A 10
oil pro-
sol uti on of 6-net hyl guef B TS S, SRR Btk exg e o’
conposi tion compound presumed to bea teacycline which on treatment with aqueous
30.22 g. sodium hydrosulfith/pigidcisuketrmaycint.or i de hexahydr at e
12.36 g. 35 Monoet hanol_an ne
15 XAMPLE VIII 15
8.85 m. : 3511a-F1 010-6- deoxy-6-demethyl-6-methyIEt{eQRa¥:L'c%Qee gl ycol
376 g. 11a - FluorotetracyVﬁtE €r6,12 - hemi - ketal, 250 mg. is stirred in 2 ml. of 63%,
94 . Thatguepusl petchlonic doisTizx ‘soliintsaied at warmingfio @0—65.C. fok 15 aingltes s
sui tabl e for papent ‘ﬁ‘c{he mixture is 00@533@6 wafer X aqdsq toj gyrajndig, sugrogy6 - deoxy-
administration. 0 40 demethy - 6 - methyleneictracycline as the perchlorate salf. | fhowshe | 20
ame absorption on ultraviolet and infrared analysis as that of Exa
40 A tabl et base | s prepar edpfrb bt gndl ng the ol T ow ng
ingredients in the proportion bby tIX ndi cat ed.
Sucrose U. S. P. 11a-Chloro-6-deoxy-6-demethyl-6-methylgyp- oxytetmcychne
Tapi St h Five grams of 1la - chloro - § - oxytetracyclugg hemtketal is added to
api oca arch »s 15 ml. of dry, liquid hydrogen fluoride, and the mix % 1 Stl d for 3.5 hours at ice- 25
Magnesi um st ear at € bath temperature. The hydrogen fluoride is evaporated off.bp warming under a flow of
45 | nt o t hi Strigasgs hlybrie gg;$>romwend1@dly%aﬁulbmétﬂ5éht
roflyor is dissolved i r AN pEr
6- et hyl epet etr aCyCl Ih{c])nc ac1d?f: dde? g]opwtse to precipitate EBﬁ;dﬁcﬁor?gg or pérc?ipora and
250 ng. of actie ing el The hydriodide salt is precipitated from acetone solution of the crude 30
EXAMPLE XXI V hydroﬂuon&e sbﬁ: Bdditién PPREPaFREdcart ai ning the fol I ow ng
i ngredi ents: Alternatively, the original reaction mtxture is diluted with 6—7 volumes of water
and jce and perghlor ic ac1d (concentrated acid) is added to
G ams 50 precipi E the respec?five sa%%non w1th aceto tfle orltﬁﬁal ﬁactlonnmfxture
17.6 35 followe Q{ addition of HI, precipitates the hydriodi 35
18.8 The hydyR@GOLKIt,USR elefnleRal |ahalyai, &hdslfs"l?ne following values:
5.2 Cal Lact ose USP G, 4 N, 46; Cl, 5.8
5.2 cd. forpoeN O G 47 1 37,
Found: 44.0; H, 4.0; N, 4.2; Cl, 5.5.
5.2 55 Magnesi um st ear ate
0.8 UltraBdlet analysis shows the following maxima:N2g36 and78 tipar at € B
0. 35 Infrared analysis shows principal peaks at 3.05, 3.2 5.7, 6.02, 6.03, 6.22, 6.4, 6887433 40
17

To this o] [od Ao fioaretiees st iedlEeat e S PR o
o I ng

pI’OVI de capsul es cont ar ne 25, #Q@rang 250 ng. of active
i ngredi ents respectivelia - Fluoro - 6 - deoxy 6 - demethyl - 6 - methylene - 5 - oxytetracycline is _
45 prepared in the same manner as in Example XIII using 1la - fluoro - 5 - oxytetra- 45
cycline - 6,12 - hemiketal as the starting compound.

ExampLE XI
11a-Chloro-6-Methylenetetracycline
The starting compound of Example VII is dissolved in 947, sulfuric acid (1 gram
50 in 10 ml.) and the mixture allowed to stand for 2 hours at 10°C. The product is 50
obtained as the sulfate salt by pouring the mixture into several volumes of diethyl ether
and filtering.
ExampLE XII
11a-Chloro-6-Methylenetetracycline
55 The product of Example X1 is obtained as the phosphate salt by using 85%, phos- 55
phortc acid in lieu of sulfuric acid under the same conditions as described in that
example.



EXAMPLE XXV One thousand grans of 6-nethylenetetracycline are
intimately m xed and ground 5 with 2500 grans of ascorbic acid. The

ground, dry mxture 1s 1i111ed into vials, sterrlrzed b5 with

et hyl ene oxide and the vials sterilely stoppered. For intravenous

adm ni stration sufficient water is added to the vials to forma
solution containing 10 ny. of active in- gredient per milliliter.
The procedures of Exanples XXl o4sq3XXV are repeated with other 6-nethylene-
10 ——tetracyeHnres—deser-bet—th—the—precedi-ng—exanpres—te-&or m

rr ndi n for PLE XIII
E?(Awgigoxg(w g dosage P?epgrguonm% ineral Acid Salts of

. ~-halo- 6-meth lenetetracyclines
6- Deoxy- 6- denethyb - 6 rmdx Ylsereh&iyl aqugihﬂ&letetracychne hydrofiuorife SOl Ution of 50 g.

of 3la -is disdobed)m— wier- and ehrxgoluﬂozﬁad-;usdé rretpHyj Fhe E‘resuln@'a xeﬁte- 5

tetracycfPIin Flb iRiEteyis filt edSE)‘G‘ of ethyl ene
ohvcor B R e T r%grc, T AR 1o Ay St 1 ed
SOl Ut i OMprdpsired b @ BALcHO o ol xro 1 Rierallaids may be subfilkal fodust at a gradual
r atlé ovewdrechfoeic aairdmoﬂiesea;bmnurei@a maimﬂlesaxres“ﬁbtehngemaer at ure ri sesio to
12[ err] C, Elhlrﬂgdrﬁ e, tgAf}?’@PCh Hes thVCB?Pf?f@dee Blce: “°f1 e tenperature
begi ns tn{feafgf f;sp i Sahsé%ﬂér 3 030 alf  REPIES A FPAETS 18 i nut es the zi nc
'S renoved HoYixé aids, fotied Eaag laRNfo@RE using a variep\3s R, itk tekumpR] vent. One liter
of Iat erorgasic aaide@Ihcgacml wadhl 38 @garichdtrk) hlhlrcatoemzm@lycrahcr)ehmomd, 20 15 of about
10 m nutgskuic, ﬁlcyéllc PIOARELiS |acid.r éﬁlts f"ﬁ?ﬁdz‘fl ?Ceﬁtﬁ’?@ oduct is forned.
or 20" 4% el Tyt G TSR A n 0% aqueons
sodlumhgﬁ e resutlngs urry I's digested for about
1. ®ohours in an i ce bath andEiAMPueK&I The wet cake i 80t hen

unti |

slurried i 750u ‘ lv {Oﬁ
a cl ear g) %ﬂ &ﬁsémﬁ e N, t} {é %i é 1&-ad @ causes rapid
crystal It 1xt is allowdd! t@ Bra f01615‘ @sxa).’ rmmﬁempcﬂ&ﬁ%?ﬁ which &

met2hyl erseipeetdrca anoh @ndhaxetn cmsdhzlnthrhudeola"s‘he utagdl @xtrangis c@@ntrated 2heedl es.

After ditgetin g @rlﬂofn d ey Epedhepid dri ed. The vyiel d
of ‘siaﬁtflmﬁﬁ@d fjdg‘l;gegf %mraffﬁ’ﬁ Hﬁ&?‘tﬂr@l“%&? :ﬁ‘ e%‘i%‘%ﬁgz 14.2[err]C. with
deconposi t i0@Nesting aginst K. preumoniae, the product has an oxytetracycline activity of at EXAMPLE XXVI |

6- BRoxy -1Gstd10® oy /b - The tpmdhe niatwe tan & yathd pfe0.@(r the samelsygem aChl 0B® - 6 - deoxy
- 6 - deletieglin Exeepplc Xreerwm@rrefhetsrl‘aef&nr irahs fgllogingsysefr ect i vel y 30

dechl orinated t o, EM 58 6 - deoxy - 6 - degBl byl pruse6

et hyl enet @b118¢y gitrbikhad : thlorbfBn : pyridine T GIH @vbifgr (B8PEFL | ve reagent s:

Aqueous phenyl hydr azi ne acet at e Aqueous ferrous sulfate 35
- SOd-"I5um For %(le gr%Q: de ;::'E fi(V orinate the corre
.chlorg-6-met pgdiée Qlt?fdloéh]él 53&&0 r&% I ron
IOOWder Ithht GF MRY ' W B am 6let and infrared analy31s Ranayd inaig: oWsI”b. 50% aqueous

acetic atpkdf carbonyl absorpnon by VIrms tlrf/mrhaxmb@ g ppahoetrft? migroeshyose skilled in the
¥
?Irtfg ! _%“@fh’ﬂ_ _ Xlﬁggrigy@m ~ the lla-chloro gpd
ro- f ﬁ%; AWk bR seEYacREnPar ti al Iy converted to'their 40

4 epi Mers under many condltl ons particularly at pHs between 2 and 6 and
i n such sol vent s as L%IXVacetl c acid. In practice,

6- net hyl engt et r ac ne 0 ‘@‘ﬁ’dY 11a-chloro-sTRRKLERAGT et racycline as
et et D 2 :gé‘amre i i SRR 2 o
Mount S mihut®. at @ﬁl&e azfure(a%rwhaﬁ 5tdﬂeofr5°/CH4:l etpﬂdmrshe myxwrelily dr oxy - nmet hyl ene

- tetrafitdsd and stripppd |of n@@nﬂaﬁe- rlrethiémﬁtetsgc@%l rt Doidepclderide &4PRTHEY | zati on. The C. 4
epi fmer s Wﬁﬁoﬁgﬁgﬁw;?ﬁ eate usﬁaqg'sss C::) liza nt systcﬁBg’ﬂ;'lg%f ft gnblssnll nvention may be

i sqat ed,frj,gegggpmﬂ,}( Hb&shl ‘3 procedures such 5@s by paper
chromat ography or by counterEsmMPmeKVHdl stribution techniques. The essen-

tially pure C. 4 epl Msth%c%wmconver Led.tg the normal, more active

m.

form lgjlye?face oneirgﬁnxes"éﬁ%,g% rs Pl RS KRG AEE reaf ik ol e, by treat nent
55

XAIQ/P EXAMPLE XVIII 50

6- Deoxy- 6- %emsth l_eGI::xa 1e gﬁ y%&fgl%gy§ 9n¥ en; teta clle L Method A
To a solcﬂfoné%f;@; li;:i‘dgm SEE‘ prog {gﬁﬁ NE: rEa,/drr odide) in 125
M .600f  clear, and ¢ & éd%rbs@uraed data(nﬂ.thb@)li’ddu(ﬁ@ﬂﬁle Hyio- i n %® parts of
wat er) ahload[err]C. is added 2 g. 55 of zinc dust. After stirring for
10 minutes, the zinc is filtered off, the filtrate adjusted 55 to
pH - 0.8 and extracted with butanol. The butanol extract is concentrated
under




reduced pressure to a residue which is triturated wth ether. The

et her-insol ubl e residue is crystallized from

nmet hanol - acet one~ . - aimthreproduct—asthe—

995, 033 hydr ochl ori de- nononet hanol ate (2.5 g.) nelting at

205[err]C. with deconposition. Utra- violet analysis in 0.01 N HCl

i n met hanol shows [err] 252 merr], Eferr], 450 and [err]

345 nmferr], E[err]1 302; i Q)goaglN NaOH in met hanol, [err]

235 nferr], E [erfP _442; PErP% 254 merr]  Eferr] 408,

[err] 385 nferr], E[ err 329; Hogide. hedrah EdXAMIIE.fE XIXd5 ta}tlnd
chloride, robromide, sulrate nl ts c

Erg[ rh]an(z)lsf) [T[eﬂ i ] ’2 45 [ Prlfrlgt%%c&hfxﬁs alye pr%rfd accordm’lg]g t dErr’}etrﬁa ds %cs %ﬁ I]'sxﬂl ]?;i;ple ~

mMerr], Elerr] 5 32 and [err] 351 niergdamel[£Xr] . 282.
I nfrar ed anal ysi s showsTmer fotiom t opeaie&ylateteﬁac(j):ﬂpe i5.pReparéd By?%emum@ tl%?tetaa—
ta r iv: I roxidae
?nglrjr)rgfn aéot ur bi E;et(:)(ri s meze g%bgﬁl%h%w{g & Q%mm@ mjl e
Fp@} othe 1 and alkaline l&sq)'ﬂ Hy@rﬁ cgrﬁpounds
standard). El engnt al a@npadpyisd;Sndfding 1e ﬁbfaﬁkitﬂi}ﬂrth&kn\/@a&mﬁ)h&l @, ls@OMifE and mag- 10
val ues; C, 55.0; H, 5¢s sN,ts 5 5.4, 7.0, OCCHerr], 3.4. The product shows

iREa ety W
&bvfil ugﬁ of examp e, orgamc car%oxylﬁgagg?;ﬁ xrqqu qs H% f’Qﬂ } y glgcéo,ﬁxc, glu- 4
e ase conic, ﬁ_ulomc succinic and acetic aid, as £ é& m ) and, inorganic (1)
20: 3 tol uene- pyg4 di nGasEsa by’ s'iitseﬁrmed with pharmathlﬂ ly cc 1d£ MQQHKS seful for 15
15 whetapy,p&dseﬁlwﬂl fiheruaeentically unacceptable acrds(oﬁ bas@@te wdul irBthe puri-

ni t r omet hane, chl or ofi¢stiep of the new pmipcg and Blﬁef;éqparetg:qlgé@@gl}aceuncaily acceptable salts.
pyridine saturated with Ph 3.5 buffer XAMPLE hod B 20 A
m xture of 1 g. of the Exapdie &(Blrdethﬁnlaxﬁteﬁitblﬁxéﬁp%ﬁﬁwﬁﬁh thd YolloWinglcomgdfition :
met hanol 20 20 cont ai niamgnomo ng. -of 5% rhodi um on31:e2r on is 20

hydr ogenat ed at room t enper at’ eﬁg‘e’“U“sSlf“b‘mland 1 at m)sphe17 grydr ogen gas

until an equi nol ar anount of &fﬁcme@od/%om%en up 1000 2-hours). The
catalyst is filtered, the fi lPolaiye ppvapaeat ed to dryness and & he residue

crystallized as2in Method A Bu@b parahydmtbmuteCIpreservatwe) 0.172 g. 25
25 A mixture of \J:tpg' agﬁed m &Iﬁﬁ’@e%nl‘@ 11a3®Mi%ro product in
70 M. of water cont ali nrn € sodi um hydrosuffrte is stirred
for 0.5 hours at roo I’Ibttlﬁmﬁi’eﬁiotil’v@m%a_ﬁﬁetenmg and flavbding tagbn® ad Welltakl Eddeplsle k@ds, €d

wi t h but anol and t he maybapdsed emhoaetThevlamwalt@damwpdmylmetsls 25 mg. of antibioke

product is crysfal | i 28WFRpREE resi due ghg &&Od A. Met hod D 30
30 Usi ng t RgoiRticR%E ﬁl-%ﬁylgietc% patelidwith the tUlQJ'&rQ:g <orkbositigd€OXY -
6 - denethyl - 6- nmet hyl ene” - - oxytet racycl ine perchlorate salt
is reduced to 6 - deoxy - GM@E’RE th-’foérgeg- 5 -
oxyt etracycl i ne, M“ﬁﬂf%“‘gol d&lq""faﬁgr“}ﬁ/dr ochl ori ’c%e;-srﬁlt hanol ate
product of this %xarrpl e my h@op&l@&rg}&col stallized fggn |gsopropanol as
6 - deoxy - 6 - denethyl - 6 Wawrethylene - 5 - oxytetra- 985 ml
cycline hydrochl ori de The rec stallized nmater] Eil| ghows the foll ow n
tratron of 50 mg./ml. and is suitable for parenteral ani
peaks on infra- YIS
especxa ly r m culaF administration.
40 ExameLE XXIII 40
A tablet base is prepared by blending the following ingredients in the proportion
by weight indicated.
Sucrose U.S.P. 80.3
Tapioca Starch 13,2
45 Magnesium stearate 6.5 45
Into this base there is blended sufficient 6-methylenetetracycline to provide tablets
containing 25,100 and 250 mg. of active ingredient.
ExampLE XXIV
A blend is prepared containing the following ingredients:
Grams
50 Calcium carbonate USP 17.6 50
Dicalcium phosphate 18.8
Magnesium trisilicate USP 5.2
Lactose USP 5.2
Potato starch 52
55 Magnesium stearate A 0.8 55
Magnpesium stearate B 0.35



3.1, 3.75, 6.02, 6.23, 6.36, 6.55, 6.9, 7.35, 7.6, 7.8, 8.15, 8.26, 8.5,

9.27, 9.95, 10.55, 10.8, 11.53, 11.93 and 12.15 mcrons. 40

40 EXAVPCE XXX

7, 11a- Di chl or o- 6- deoxy- 6- denet hyl - 6- net hyl ene- 5- hydr oxyt etracycl i ne

Met hod A To 5 g. of 1l1a - chloro - 6 - deoxy - 6 - denethyl -
6 - nethylene - 5 - oxytetra- cycline hydriodide in 15 m. of
l'iquid hydrogen fluoride cooled at ice bath tenperature, 45 i s added

1.5 g. of N-chlorosuccininide. $¥&3%olution is sti rred at i &% bath

tenper ab Wi€blediSis added sufficiehtOf-mdthyenOHeR ine [ Provfabl sk Qelied. 1S precipitated by
t he adtbg 25,000 a0d 2556 dThactivoigrelidd@iespectively. ~and recovered by filtration.

‘The crude product | s t aken up i n_met hanol at room tenperature, the

|nsoluble filt at treated with activated
e thousand f lS—meth 1€ne f;'a e aré 1n£1mate mm de g

3 bonid S arERe R ET e % L AR

resul t ixhg eﬂhﬁ&neduﬂe Iaﬁi thakzara steﬁlelyrtmdpelred Hgfdhmkﬂoﬁkudﬁmﬁs&atdmf rom 50

995, 03 sufficient water is added to the vials to form a solution containing 10 mg] ¢f active in- whi ch t he

pr oducEUgLPy EE%‘ "ttiqu %E QL k480 KEYSEALEAESin Yht'@¥RQlst anal ysis in 0.01N

Hid tetracyclinds HeddBS examples to form corresponding dosage for 5 r] @39 nferr],
Eferr] , 352 [err] 378 rr[err gerr] 60, and
I nf rared anal ysi s shows

inflection 258 nf erg;e y%‘f pL*B zi?‘e 5

pl‘ i nci pal A%&gﬁ P‘EO 11a-: oanﬁ Jg %:iﬂgét yl -6-m th ene- Met hod
tetracycline hydﬁ dcM&ridd i 5 rﬁl of ometlﬁrqét%gf &th glgéé o[eacycI ine - 6,12 -

hesm ketoatod addedatli @nd the rapidly stitrbd sdunoxofs tfechuw ygragia fl udride at

i ce- batnPFa 3 rat Peslt’cl Pfralb DUCES q hhéﬁmpsfa‘ure rises at ice-bath
terrper &h Erota ﬁ%cn lf %égfi m%fﬁ %ﬁ‘g, E"‘ﬁ'ﬂﬁﬁ HiRefaf ter addition of

WBIvaE | B LiteP f\Nr aa&da%wasduwmh © ofd E%érl’bdt he product.
of about 10 minufp Aajetier shatyl Qieheamd ccs:q:ﬂm\nhat prmiucels Mmcdenliient et hod of work

up i s efghgselpticy enadlus"edtw f he I|qU| d hydrogen
ot Gy, ey o Rt L et B L Sl

d
[err]- Etcia Al se0Rs U & Iﬁﬂﬂg ek@ssad @IHc asep&ia Lt@ytstamﬁaem pl tates as the
[eFr] - apdﬁwhadeermesfpuldkmnm e mgthglereterayrding lydodiidride dsetistdning f i | t#ation. 15

A furt P@glesnéfg gepion s roee ) C%?‘P‘:ﬁt‘sz@ terest ndriiried 1‘t'hlﬁel,”e@rqul nal reaction

mi xt ur B 276 8- 1A RERQUES Wt SRS fol Towed by dropwi se

addi ti on of concentrated aEmPLE XxXvil to precipitate the perchlorate and

[err]- napht haI ene étDef»xyrﬁate@etéwﬁtnseﬂabne@b@sqychnbed her ei n- before. The

ctlde per cHie 2 0? dic’B ;yégeme ‘ﬁ“ﬁ’k@ﬁ‘ sy szalgae%egang ndedl es from
on

i so- fouof,‘,’f,‘lgar‘gd ﬁg mS Whiteh T avi BT R ARAPYEr &8 H8ws maxi ma at 260
and 377 nferr and an 20 |nflect|on at 260 n{err]
ﬁquﬁplamélddranwlaysats shows peaks at 5.7, 6.0, 6.26, 6.55, 6.88,
E;i 7. 85 um form gﬁelﬁie sul?oxe%ate 35
MPLE Q hosphorous acid and palladium black
7- Chl or o- Eorﬂﬁ@d’éjt et dhid6- met hyl ene- 5- oxyt etracycline Met hod A
25 Raney fjgseldn G a¢oprpcokc ad@d.5 g. of the 7,11a - dichloro - 6 - deoxy -

6 - denEtRsyw!v uld b@ aze%t to those skill Qt.y;r? 6-mé1 lené?é Enesaa(fl cline perchlorate
i §o 7. 5th@111a-@3 oﬂo-%—lﬁeaé %m& mé? be partlasllly conv‘éx&gI ey drogul fite and the
resul t CﬁngtIﬂe)Stundfe nsahy tondidors, qml&marman pH’esbetwéEhe apd 6dudcih such separates and

is col foé’ R ds B llaFQﬂFa*tﬁlfiEpl P!Bfft@fas‘% hYé?ﬂetftt gyl Gd‘ildﬂag s a val ue of 3400
m:g/ my o Kne_‘ﬁ sézgl @iﬁﬁf o0 e(’f ’E@{yﬁ‘ﬂ‘ /cline (1000

meg)/ rrgc hrﬁ§ar3 ore 1e51sttallﬂQo Sl apigediAtion. The C 4 ep1mers contained in the com-
30 pounds of this invention may be 1solated from mixtures using standard procedures such
as by paper chromatography or by counter-current distribution techniques. The essen-

tially pure C.4 epi compounds may be reconverted to the normal, more active form by
procedures well known to the art, for example, by treatment with glacial acetic acid.

50 Exampre XXVIII 50
6-Deoxy-6-demethyl-6-methylene-5-oxytetracycline
Method A
To a solution of 5 g. of the Example IX product (as the hydriodide) in 125 ml. of
dilute hydrochloric acid (1 part conc. HCI in 55 parts of water) at 20°C. is added 2 g.
55 of zinc dust. After stirring for 10 minutes, the zinc is filtered off, the filtrate adjusted 55
to pH— 0.8 and extracted with butanol. The butanol extract is concentrated under
reduced pressure to a residue which is triturated with ether. The ether-insoluble residue
is crystallized from methanol-acetone-conc.HCl-ether to obtain the product as the



Met hod B Twenty grans of the [err]-naphthal ene sulfonate salt
of the previous exanple is suspended in 500 mM. of nethanol

containing 5 g. of~—5%Thodrumon—carbon and—the -xtufr-e

hydr ogenated at roomtenperature and 1 atnosphere of hydrogen gas. After 35
the uptake of 700 ml. of hydrogen, the reaction mxture is filtered and the
filtrate 35 evaporated to dryness to obtain 15.4 g. of residue.

A nmethanolic solution of 11 g. of the residue is then adjusted to pH - 6.5
W th trietithyl am ne and passed onto agpsﬁﬁ( 100 cm col um cont ai ni ng
2 kg. of cellul ose PowWder US| lmgignbtatl Qe ydpndSeno |m;,'r
colum is eluted with ig?;}jﬁﬁ Sﬁﬁ%‘%’f’%;ﬁ%? etha %} g 2 2R Critth dsgestpagition flg

h
m. fractions are coIIecte ernis foll owed by 40 -

paper chromatography and fy acztskglpsﬂﬂ’/BZ t4goggq agg,p,pgll%d 3§ aporated to

max

dryness, sluried inether amrhfiltered to givéen 74 g. of pure

anor phous anphoteri ¢ produgfo.01N NaOH in methanol, m@zspmw% jsogrystallized by

dissolving 1.6 g. in 40 m. of warm net hanol  and 1em scrat chi ng.

Filtration gives 890 ny. oﬁmglﬁenmbq&t, as ‘tOB,e\maBﬁﬂmﬁ,(Erll ,B2se. Infrared 455
3.42, 606, 6.18, 6. 30,

anal ysis shows the foll owm ng peaks: v?
6.58, 6.88, 7.19, 45 and jun, 230413,1*3% £)3298 23 9. 06 9.88, 10.63, 10.92,
11.55 and 11.76 mcrons. U traviol et anal 1%, shows the follow ng:

In 0.01N HOJ in methanol, RGN ‘Q‘E#hﬁﬁfle\*"rx]z‘“{lf‘/b& ot #%%5) and

346 I 4.02 f 37 b 3.98
in On%ﬂ\lr ]Nagl—|0|gnenet h-) andmjgw } glql%’tmln’g;]l %6 a do’?ez??‘:w{“%;rﬁﬂ]ﬂ?|2%€r;] 4, 24))

253 nmerr] (log e 4.22nfraad aﬁﬁﬁlsn{hesVsr prifcipalg pfady ra] 6403,1 3)2, aﬁr‘ﬁd &@ 6.87 rmrrons

inflection at 28410n{ erBi asz@Y glgw Clerf::’ﬁ%e tﬂf ZW o MQOta Qe %g t}lr "‘W%E
X 1
maxi ma at 241 nierr] $‘ ATy ;Q{H 3’%} Cg f jriaY/gy and

372 nferr] (shoul der) {igése; d&alymthemmwmgsym

995, 033 The pro x/lc;l spk;lovvs the foll ow ng Rf Ival ;)Jlesphl n the

i ndi cat ed sol vent systens; obiie Phase mmobie Thase

Sol ve !’lt Syst em 15 ¢)) Vzvi)th3plt—?lxeqﬁ$r%rredéturated Nb bilee4%’ uffer (aqueous) 15
| mobi | e Phase (2) 20:10:3 nitrorbetidfe, chloroform et hyH _asenff.& €aqueous)

aqueous phosphate 5 pyrldlne saturated with Ph 3.5 buffer saturated with water
buffer (pH 3) ; 0. 33 et hyl
acetate IX‘:I ! V%F ﬁ? ’u J <§felr g. of the Example XIII 1la-chloro product in 10 ml. of methanol 20
saturated with water co&ﬁn 00 mg. of 5%, rH3HiGH SR a¥rbékis hﬁﬁ@dﬂiﬁ&ﬂla&ﬁ)cm temperature

oxyt et racycl i ne st andaernd)l uspisreanf upkagen @f wBD @O equiney ngnoum of _nydrogen is takerq};e
crystal line perchl or at@hews ém Pﬁﬂx‘é‘ riseref theof o4t 872 R ?S‘e‘dlqﬁﬁ‘“é%‘?rﬂ?éesi ge

hydro- 10 genat ed 6™ oduct which is crystallized from

met hanol and 70%ger chMemdacc 10 acid. The perchlorate salt of the 25
product shows identical W trmam of %@ g}?ﬁcﬁﬁglﬁtﬁ(gﬂhﬂa-@ﬁm product %7‘? ﬁ’% °£ewf}}§;
anmphot eri ¢ base. containigg | | B o e 8’3}?%

obt ai ned by reduction @{“@a&éﬁ?%’@ﬁﬁf@ qﬂga d ﬂfe% ‘be" \ 98 " drﬁnessl nc
and acid according to t procedure of Exanple XXVI

EXAMPLE XXXI 30 Method D 30

7- Brono- 11a- chl or o- 6- deo ﬂ‘i?“’ ? FAcVCl 35&5’,'1'6:
Thi s product is pr epar iég ?@fﬁi\%ﬁ j@ﬁ%m"' E?sécedoo ttcf\;e %gﬁ %e ety

Exanpl e XXXV using an eq Ul‘h‘é&fy&ﬂtlneaﬁmuﬁlorldﬁ-m&hahﬂﬂmdl&cofﬁhlﬂb)d@plle map baceyof

N- 20 chl or osascci nitadizelbfrom isopropanol as 6 - deoxy - 6 - demethyl - 6 - methylene - 5 - oxytetra- 35
20 =3 cycline hyl;irochlof',xdgJ The recrystallmgl WI tpe following peaks on infra-
/- Br ono- 6- deoxy- 6- dem‘v‘ﬁ'% TB5 0%k B, 168085. 5 BB §.8CMES k15,26, 8.5, 9.27, 9.95, 10.55Di S
product is obtained frogi ?&3 mank product by the sodi um
hydrosul fite treafgnment descri bed i n Exanpl e X)%': The foll owing 40
COITpOUI’ldS are prepar ed fr Or? ltl Blcﬁlgrlerﬁed%g)x?f%dimgh;hi‘?ﬂc. 1%Lx%—5%ﬁ?oxytetrgc§cline

Method A

To 5 g. of 11a - chloro - 6 - deoxy - 6 - demethyl - 6 - methylene - 5 - oxytetra-
cychne hydriodide in 15 ml. of liquid hydrogen fluoride cooled at ice bath temperature,
45 is added 1.5 g. of N-chlorosuccinimide. The solution is stirred at ice bath temperature 45
for 1.5 hours. The crude product is precipitated by the addition of 500 ml. of ether
and recovered by filtration.
The crude product is taken up in methanol at room temperature, the insoluble
material is filtered, the filtrate treated with activated carbon, filtered and concentrated
50 under reduced pressure. The resulting residue is taken up in dil. hydrochloric acid from 50



pounds by the known procedures: such as nethods A and B of Exanples XXl X
7-chl oro-11a-fl uoro- 6- deoxy- 6- denet hyl - 6- net hyl ene-5 oxytetracycline

7-i odo- 1la- chl oro-6-deoxy-—6-—denrethyy—6-—rethytene-—S5—oxyptetracyel-inre—-
7-brono-11 a-fl uoro-6-deoxy- 6-denet hyl - 6- et hyl ene- 5- oxytetracycline 30
These conpounds are converted to the correspondi ng 1la-deshal o conpounds by
30 t he af orenenti oned procedures.

EXAMPLE XXXI I | 1

Ia-ChIoro 9-nitro- 6 deoxy- 6- denedtips3 6- net hyl ene- 5- oxyt et racyzl i ne

To 1 G. thylene - 5 -
oxyt etr a ;gg:l;; gir(s)}cliuct & Ehe hydrochlﬂﬁéjefﬁ:rys&lhfes%lu Yxcgqu%al%xs imSO (gal dﬂge of conc.
HNOJ err]. The m xture is allowed to 35 stand for 12 hours, t hen

evapor ated to 1/ 4, 9f3é fg wiigi nsd Ay S7ene @itd 2600 nl. of ether is
t hen added. The product se @fates as the nif¥ate salt and is collected by

filtration. andmﬂectlonﬁSmﬂpLEilan 3a4he correspondi ng 1la-fl uoro conpound
is epa EXAIVPLE IV 40
o A D ot T 1 SABSSIIGPR - acycl i LN

The produgkr@f t he previ ous exanple i s hydrogenat ed, accor ding to the
reduct i orrl5 Five grams fdolaedqhto%s- PF ewjtamastlin cdéslgfr-rugdedtetalos edgeaton the 9 - anmino -
(3 0r1 at 1ce- fex: Stirrl
Exg\eoié g ter;qg rit;(rlg, ﬁgupro : e of Iﬁb ECFZ‘ZI 1sHli§en followed Eéé?{d%mo?&fsyc' i ne.
h6° jght of N-c rosuccx?rm e to obtain the product.

| - Di chl O OAl-alérhdtioe ﬁmctﬁe atan.deaaabéa;ehnﬁamtohydoﬂne-lsamydmtracycl ine 45
One gr amAdter e 1e’ha>va4 ofjmodnlobrho lxqulﬁhxdlexg uori®, 100ctalyveft wapdr is-added- net hyl ene - 5 -
oxy- and thep EE'IPP" E gﬁ;‘iﬁ"é‘ iTle s erPates s 3 ni . of acetic

Cte tra

1

h
?g' gt gzg ifl:;wt - E&W ves d11ut10n t(iﬁtl% (ﬁggrﬂ%ac;mlemﬁﬂui‘et ure;q s all owned
i 6

& v@féﬂaﬁdhﬁf&ll&@&ﬁﬁ%ﬁﬁ&& ditiéh of kcéhcdatrated acid t he ori gi nal
vol une. k¢ ptesplaldid$d percldqra 9wi ﬁﬂ)apml@lerm sulfapfite e¢lises desiribed Sertinr i ng at i ce-bath
50 t pfprer Bie PS?E*P‘?‘?‘ §bt if ffEseR ?dogs I@gr‘ggﬁ;l% %H*t he solid is then
receyere ﬁ?i ng o ultgggiolet s § °Ws maxmf‘ 20 4 VLW P ed seyeral tines
in ether g ﬂﬂlsdﬁdwegeak&teblm mzs Foe55 6. 830 L, 17,88 9nd 8.35 micronst he hydr ochl ori de
salt. Usi ng the sgﬁngp&r}ocedure the foll gvm ng product shiare

obt ai ned fromco n ounds: 55 7-chl or o-
11a-f1 uongs9anj t Fo C%%B’og]‘ge‘”?'g%deamh i yEneJ ?’%te s oxytetracycline 55

7- beono- 11aT6hl kot nist & ef ﬂmdﬁwydl&ldemt hyebxya-cmea dmpethgines-5- oc9i et racycl i ne
7 chl or o-ukfhglede udr-@xGetracycling-Brehlerate yin -5 drlneh rr-lsa% tﬁyf %{mf 5-oxytetracyclin

sodium hydrosulfite and the resulting mixture stirred for 12 minutes. gg

:n

21 e, 1] Do G aBr@y aﬁy‘fé’&%"d i %a %Sﬁ,%‘éimg pad 7 - chloro - 9

- appno +h tanda QXY' - nmethyl ene - 530

oxyt etrag‘%c’lwr nBe by the reductr on procedures pre- vi ously

descri bed’et orrpo qrg gheni cal Ly %rg indil. HO) or
h f mpl

catal 11 s T el s D LRt oo, and 7

brond - Snizturd HydiGzenatéd (dﬁot)é Mperatie an Bﬁ!‘oi‘pydre of Kydrogen gas. After§ - rret hyl ene - 5

- 0%yt et nixc kp mfa 700 ml of hydrogen, the reaction mixture is filtered and the filtrate EXARPLE XXXVI

O N1 1o PP SRS ATRR! Do Qo RN b5ty ot racycl I ne
To a sol q;,gtlgg,ﬂ. e(g i@oo— @rcéhmnu@ 2 kgledxylluloseb - denet hyl - 6-
10 Wk @sig wat as stﬂb&?w}eﬂﬁfea'f iume xstnertedhh@reaw!eaoqme &nﬁ- m . #é)f anhydr ous

i qufd hy@j:plogérwateg_?ld 45 ml. fractlpqs ted. SThad evaporate ollo K The
e chr
mi xt ure |P§P1§dtcb PRRepr ?ﬁ}’f Siidef’?i (fﬁfﬁﬁﬁ phrer oroduct nhe’n poured into 75
m . i Cef f {od@pg )‘stﬁllﬁ eﬁy) dlsJo vﬁﬁq ) 1 l \Ka'iﬁlenet}ﬁnoﬂ?‘dﬂpm‘ ated to
dr yness ts&atgru\ge Filthdio) g0 LBO0 mg. of the product as the amphoteric base, Infrared EXAMPLE
Ginalysis shows the folfoving piaksy 296, 3.29, 3.42, 6. 06 6.18, 6.30, 6.58, 6.88, 7.19, 45

1. ch or7g3:67@ Ba% O g @ﬁgn&#oﬁggfﬁg‘r 4176 mic s,;,Ul ryicles %3;‘1?“3 15

A sol uti Gye B 940 QE@7@H}LQ~EQ’B!98}QH .oiﬁNaemlkﬁttal in 10 m. of
anhydr oUSinol, max1ma at D300 e 4.24) @63 de (bess 22 adeid? o (g afiP) Pk 15 i nut es

af t 80 whiagofitction gt 286 fopK] £} inj G01M MgCl, i m w2541 ng. 5&tirring
cont i nuedl°$6?3%nggﬁ’o‘t§]|"gg$§$ 362\?%(5{10 o g ,égjand t he




m xture is then added to 200 ml. of dry ether, filtered and washed with

ether to obtain 20 6.1 g. of crude product.
20 — Fow—granms—of -t he crude product-i-s-slurried-i-n-60m. of
water and 4 mi. of conc. HC is added with stirring. The

crystalline precipitate is filtered, water-washed (part of
preci pitate dissolves). The water-insoluble product (1.9 g.) is 1lla -

chloro - 6 - deoxy- 6 - denmethyl - 6 - nitromethylene -

tetracycline hydr2zachl ori de. The wat er vvash'vgigss are 25 t hen concentrated
to obtain 1.5 g. of a giiro . co 'o"u'rﬂ‘d'_y\ﬁ—q“ V\é afore-—25
ment i oned product . he product shows the following values 1n the 1nd1cate TBTSEMSEV] | |

11a- Chl or o- 6- deoxy- 6- demet hyl - 6- chl or onet hylsemat systeaacycl i ne To -~
a mxture of 1.2 g. of theWahrpl e Vi MOfateolduet |n 15 Mmobzbfl’htzsmfl uor oacetic
30 acid is added 350 ny. %% I\I—chI‘E5Y6§ é‘% [Tl deadsns B Hg"ﬁ?xturels 5
heated at 60[err]C. After 33 otFAD Qklate: “h(%ﬁr m ure gives a

negative Kl/starch test. The cool ed maiﬁtawiamlhsnater PH 42a§de dr opwi se to
500 m. of cold ether with stlrrlng at ice-bath temperature. After

d f 6
stirring for 3 hour sBmaf.Iij‘li’e( me rch;frrram gi“o‘gf %gfgf%rf&‘[efé mfexa%gﬁ‘gg%ur ried
1C

in ether and o éeﬂ{eﬂq R' th is & methdol and 70%, perchl
product is di ssol vedctnTmGrchbrate @41t fQhe prod Os,identidal @frReblet EhetRAINTD VAL & Smi| |

35 anount ofthe amphdraziobase.mat er i al and concentrated to a vol ume of 100
m. Then 3 m. of ., . ;cP-toluenesulfonic acid dissolved in nethanol is
added and the m xture ﬁﬂfs'ﬂoﬁﬁc@@ alsf obtained by red@&iof6k tﬁésta&%%xﬁ;%m%eWo@Aum' !
crystallization3is oampineimddcid Id@dipg ©6hd @gocddﬁreemMﬂeﬁxvm as 15
p-tol uenesul fonate salt by filtering the I‘ECI)PI tate, washing W|th rret hanol

and 40 dri ed. o—lla—chlo z& eoxy}-(6héle:LEeth 1- 6— ethylene-5-oxytetracycline
40 | Nf 1 ar edy BTN 15 phbordd e DALY lﬁ)@gﬁ'e SofcMEHla BT B GUT Ve
with a band of 5. 69[Bxatigle XXXV using an eq aIcﬁtadlﬂoQ{teﬂf I\B!IS} dfGekisimide if) pRIENF N-
met hanol i ¢ HO 28 howshlmesrdirimigel5 and 378 nferrl. El enent al
anal ysis gives the foll ow ng. | 4eSs Eds X%‘g{ 42
y-6-demeth 1—6-me elre= racyclifie

Cerr]Herr]qerr] N er Hil@l}{r@lh&‘?%oﬂtﬁﬁedtﬂﬂ&n et DAabBID SOV @ct?'tﬁ@ sodium
C, 52.18; H 4.2; hydrosulfite treatment described in Example XXX N, 4.2 10. 6, S, 05

The follpwingy ¢omgpou a epa from the correspondmg 11a-halo com-
ﬁ' 8 4.3 O, 58 62 gPpo gby thEQnowx;I proéedﬁs réstruc as Eghods A and B of E les XXIX

"7-¢ 11a-fluoro-6-deoxy-6-demethyl-6-methylene-5 oxytetracyZln

EXAMPLE XXX' X 7- 1odo 11a-chloro-6-deoxy-6-demethyl-6-methylene-5- oxytetracyclme
11a- Chl or o- 6- deoxy- G-tulmnetlh-ﬂhorcsé-bqrommmmtehlyll-@mehMc- XyCkrhayeline To,p

m xture of 4.838. [conserisdl (& the icprreargndige, 1lafleshalq sompemmeésalet i ¢

acid is added a sol u °a “5?““’6 dé’i“e "I of br omine in 10 M. of acetic acid.
LE

The mixture is 55 E‘é‘?gm §g-mQro§S d%oxy 6- img‘1ly%-6H1§a'Hlyle %g etraé(j%:iinel oved to

stand for 12 hours at FIQMY. of 1122 chloro - 6 - dloRyIPEL ,Qgggt is
obt ai ned by t hessaneyaiasik MPma& atetic hdiis paRY I @il Sf conc. HNO SR i tare is hllowkd to 35

crystallized from rretahhfwoﬂz hayrst then qyanosreémzbsﬁ;hef @ig@algallume {18, 2801 m of ether is

'-.-.'F‘

as n1 ted+b ti
:TJ{ é; ?‘}“ Ol. et ana|232/3| umlazqg'h%e corresponcé:;Fl a- uoio compound is prepaﬂg.gcggygsg ¥nd 379
EXAMPLE XL ExaMmpPLE XXXIV
11a- Chl or 0-'9- bronD- 6- deoxy- B-Auunpet-depty=odetpethyhGresthy eehwfemfcm%cl i ne 40

To a mixture of 280 Th?)Pr Vgi“ mEh fragengted %ﬁ‘%ﬁhng the reduction
trifluoroacetic metfy‘iz‘es éw “SIY,a}gﬁ%? ? QH of "A S0 0N odfmﬁhyéS m . of

bromne in 10 mM. of acetic acid. A5 Exmphlex\xyworange recipitate forns
in the mxtureSwhich i §s11141@ﬁh1 ant@ C&P?d'%@&m#%' ethylsﬂe- Okytetracycer@[ err]C 45

for 2 hours. The m xtu éeFr (}gg}é Idllcy\ﬁ ieo B‘Py and EFP']?':: gfqlgf‘ e

pr oduct (28% §E ejf Thd k@D andié” anwrklzliﬁumfd AR Qraee&l ously

descri bed. The prod uhht origial volume. It isCatided tdadpivise @ 20@ sl toh ethes (wtith atirging &l ite-Hath
dissolving in 50 . t@ﬂp é Elg i’ thlg_la:glf gl@urehax@,gbe o}id is then recovergy b filtra- 50
Herr]SOerr] tion. sol is slurrie several time¥ in ether and then dried to obtain the product as
) the hydrochlorlde salt.
Using the same procedure, the following products are obtained from corresponding
starting compounds:
55 7-chloro-11a-fluoro-9-nitro-6-deoxy-6-demethyl-6-methylene-5-oxytetracycline 55
7-bromo-11a-chloro-9-nitro-6-deoxy-6-demethyl-6-methylene-5-ocytetracycline
7-chloro-11a-fluoro-9-nitro-6-deoxy-6-demethyl-6-methylene-5-oxytetracycline



10 Utraviolet analysis of the product in 0.01N nethanolic HC
shows maxi ma at 251 10 and 384 nferr].

EXAMPLE XLI B P §

| a- Di chl or o- 6- deoxy- 6- denet hyl - 6- chl or onet hyl enet et racycl i ne

This product is prepared according to the procedure of Exanple XXXVIII by

15 using two nol ar equival ents of N-chloro-succini m de.

15 995,033 EXAMPLE XLI | :

Usi ng-The re(gecgy chfégu' tte ; E.bcvamm;eu-;—e*a-m—el—t—he—ﬁ o’f | owi ng
conmpounds 3 AT 9HIEOr F g)e diamgo 1 $adeoxpral 0 - 7 -

chI or o %rouig;meth I,Led- grehyly d’é %/' oxystracycline by the Jedyetion, progsdwesRF-acycl i ne starting

r%ounds TB&e compouhdslare chemically (Zn in dil. HCI) or catalytically (Rhodium) and
[ chlhm’res%rfdeoed(yxﬁchd:enertdlwt brome hP ormivet Iﬂyﬁe&xet— et-rdaaﬁgmyt ine 5

- methylene - § - oxytetracycline.
7 brom) 11a- chl or o- 6- deoxy- g, deFeL Ry 6- chI oronet hyl enetetracy
7 1 1 a-di chiva¥ie-61 deixirots-daiyatdayihybs M. opRrBLAykatrigt r acycl i ne
| or o- JIaﬁfSIOHumnmf@ﬂQiem -7ﬁ-lideldEhlb‘?1|—-6= débkprcsrredehrgdhﬁnet-etrag%/
7- bt omo T mg-gf @ delydroganr acy# i

h d
EXANPLE:Q,%% s ad el‘('id;’é mg. 0}{ %c e mixtare is surre at EQ%{ for 15 minut 5

red into 75 ml. of d fi Itered. T
11a Chl dfyBesSromgive ﬂxepxﬁd\de&eéwaéerdg nenaH{/F E lte ﬁlﬁraeenléte‘éa (rnat?:dycl i ne
gxture of. 1.g. of the E>€amme XXXVIproduct in 20 m. of acetic acid
cortt ai ni ng Nitration of 11z ChF’q°'5'rfFPXY ?fé“efhW% pe- -SXYEFT#%M to stalfd for 12

hours af, de(rge()l R AT D B AT B iner Ly Crikelal n 1 ol gheoiwdrarr 1 O crystal | zes

f hich 1.2
t he pr Oddlﬁdl with stirkify. Skitring le@htitl tor 0]; ﬁoupréz)t : wa{tl}f ke&péﬂ&eeaﬁ %fj_ by filtration 30

Wa& oer weniXtare] is aked addeil €200 ml. of dry ether, filtered and washed with ether to obtam
6.1 g of crude product.

11a- Crl peok 880 °f§§ sgew et Iﬁﬁ %ﬁ“@f eZe?‘ﬁ% %ﬁé‘é %{f;;% o oo

gram of pletigitaleXxdaaqpl &E—Qﬁlﬂlﬁbe 89 e6lisl1fa S mr,rr(ryst of 5% aqueous
i ¢ Acidenegyl 6®Eemlo @hylent t frtrgtyiling hydgchloFide The eeterctasiingy sieal | | zes from the

react i o omrRad t%xgbtesl 5 & of g pigro ﬁ?!tnﬂatdevhehrsvsoam with ﬂ%,eGFOIrQect ed”by filtration

—_—

t.

fol | oned by wat er-washi ng AOGe ) ¥R 35
EXAMPLE XLV 11a-Chloro-6-deoxy-6-demetti§l-6l.chloromethylenetetracycline
| az Di chl or be end:em £ 62 depfettlhgikmﬁvlermtl poxtet: iy ISemetoEtriﬁamgmdub ne

f T 6 , I i
Thi's prEEF<%ed mgpu% lgerasarﬁrt éﬁan %ﬁgﬂ £ (@,gtaugp%e by>’chIoFT nat i on
USi NG added drop s&eto Bb@ﬁ@fﬁl rccéd Qg: gg £ empe . Afte
EXAI\/PL Estixtingl for 3 hours, the precipitated product is filtered, twtce slurried in ether anéf

a- Clirfed tappbBinri gt pfcpr@wdeox derret hyl - 6- chl or onet hyl enet et rascy i ne
TGU § ot4ne :
Th S pr%doﬁlteofﬂl‘é‘s‘o tx%‘zt e co Cem d?%n&%‘lﬁg()m 1e hg;emmlte chgt’i nati on

Proce- p-toluenesulfo é“é @isso Ied and the mixture permitted

EXAIVPL Esta)ﬁﬂ\ﬂ too Temmpesature until Eﬁﬁ ligtion § c&rﬁtﬂeteﬂr LY SHuELSs Ebkai es XLV and
XLVI ? the ptdduchasgfopatcosly dy Siltering 48 precipitate, washing wilit @étinaal ahd om cor responding 1

| a* halorr'f gcedure of XX X.
oo TR e S B g oo e
9 nitro- 1]&&riehtﬁkhhﬂysﬁgdeohewolﬁwdgmrby %~ bronoet h .

11a di chl or o- 6- deoxy- 6- denet hyl - 6- ni t r onet hyl enet ',r;%e cline

LEga}ﬁg Naoo 45

E>S‘S(eoxy(; STIRITE C}lt (aséhe(?htlo%!erngsr?g R Pilet et racycl i ne | § O A

t he Exanpl e XXXVI 1] pr ooMi,c4.2;i rClZE)sm S,04.8 net hanol is added

of 5% rm car bon. The mixture is hydrogenated with shak{ng
ér

re and ages At rgpsg@er 3 p§ hydrogen gas until
hydrogen S taken After filtering off the catalyst, the
solution is ev]alpor at ed to Brame ﬁgmer%ﬁeducedl pressure. The
resi i | ubipiCBlgror Gdegsyrfidemethy engietrasFlipeg obt ai.n t he product.
esi due sfos rliluxture g‘i'g'ld égtf the Example @rt};@ uct in 40 ml. of trifluoroacetic P
acid is added a solution of 0 54 ml. of bromine in 10 ml. of acetic acid. The mixture is
55 warmed at 40°—60°C. for one hour and then allowed to stand for 12 hours at room 55
temperature, The crude product is obtained by the same workup as in the previous
example. It is crystallized from methanol as the p-toluenesulfate salt (3.54 g.).
Ultraviolet analysis in 0.01N methanolic HCl] shows maxima at 249 and 379 mg.




995, 033 23 Usi ng

this procedure, the follow ng corrpounds are prepared fromthe correspond-

ing lla-hal o conpo --previ-ous—exanptes—H—s-obvieus—that— ——
nitro com pounds are reduced to am no conpounds in this reaction,

t hus necessitating nore than 1 mol e of hydrogen. 5

6- deoxy- 6- denet hyl - 6- br ononet hyl enet et racycl i ne

5 9- br opp- 6- deoxy- 6- denet hyl - 6- br Ryet hyl enet etracycl i ne
9- chl or 0- 6- deoxy- M@WWMM ihe

7-chl or o- 6- deoxy- 6- derreth chI ororreth EemteKLac cline

7- br ono- 6- deoxy- 6- denet t} @vqm#@ylget]em}cyclﬁne .

7-chl or o- 6- deoxy- 6- d%sms h‘éii%‘{“éﬁ rﬁilﬁ% er Woih ém‘ﬁ‘ﬂ ot sccti acid, A -
10 6- deaxy- 6-hepyoiahptl pr&ipaitt RRHEN &B@k@h‘hﬁ:ﬁy&l b &irred and warmed at 5

9- am no- 6- deoxy- 6- derﬁé‘t(h d; Zﬁaogdal’themulh tewelﬂletedam: |f¢regs hogr;i a%c}1 the P;oduct

T n eSCr1 e product 1S
9-am no- 6- deoxy- 6- def#y a t ulfat ‘i ssolv) ? {Eg tE olaqjaddmggdrops of
7- chl or o- 6- deoxy- 6- AR (g s6 %1 G et %ﬁ%’ 884t 1 ALyePraE™ 2
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12. A process according to claim 10, wherein the dehydrating acid is liquid ’\s’g

hydrogen fluoride.
13. A process according to claim 10, wherein the dehydrating acid is concentrated
sulfuric acid.
35 14. A process according to claim 12 wherein the dehydration is carried out at a 35
lemmperature ranging from 0°—-50°C.
15. A process according to claim 13 wherein the dehydration is carried out at a
temperature below about 20°C.
16. A process according to claim 11 wherein the dehydration is carried out at a
40 temperature above 50°C, and perferably ranging from 60° to 70°C. 40
17. A process according to any of claims 10—16 wherein the product is 1la-
fluoro or 1la - chloro - 6 - deoxy - 6 - demethyl - 6 - methylene - 5 - oxytetracycline
and the starting compound is 1la-fluoro or 11a - chloro - 5 ~ oxytetracycline ~ 6,12-
hemiketal.
45 18. A process according to any of claims 10—16 wherein the product is 1la- 45
fluoro or 11a - chloro - 6 -~ deoxy - 6 ~ demethyl - 6 - methyleneietracycline and the
starting compound is 11a-fluoro or 11a-chlorotetracycline-6, 12-hemiketal.
19. A process according to any of claims 10—16 wherein the product is 7,11a-
dichloro - 6 - deoxy - 6 - demethyl - 6 - methylenetetracycline and the starting com-
50 pound is 7,11a - dichlorotetracycline - 6,12 - hemiketal. 50
20. Process according to any of claims 10—19 including the further steps of
halogenation and/or nitration to produce compounds of structures IV, V, VI, VIII, IX
or X herein.
21. A compound as claimed in claim 1, substantially as herein described.

55 22. A process for the preparation of a compound of structure III, IV, V, VI, 55
VIII, IX or X, as set forth in the specification hereof, substantially as herein described.
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