995, 031 5 tions to give
conpounds substituted in the 7 and/or 9 - positions. Exenplary of such
ar-onati-e—substi-t-uti-or—+eacti-ons—arehalogenation—and nitration— -
Thi s hal ogenation is brought about by contacting the starting 1la - halo
com pound wth a hal ogenating (chlorinating, brom nating or
iodinating) agent in a reaction 5 inert solvent as previously
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detgr m ned by the ol an 4 a, of hal ogenating a 6;% ed. Wth
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purpose. 15 For exggedin mide ¢ Unltadstaeed 6F AR QUNST0s95 ol FRAGIRST. Wi th nitric
acid per se or formed idgmsiiet $pecificdtfon Published: Jun€109196pOt assi um nitrate and _
sul furic acid. For bes@tgﬁyt&,ﬁ@,hf%ﬁl tration reaction is car- ried
out in a solvent, such as a | ower_al kanoic_acid, e.g. acetic acid, although
a varl ety of other solvents may al so be used. The preferred sol vent

Index ptpceptansg enC? ALt d C2C 244) ; AZ BIRFRi num of | aboratory
exrlnt iOkeCllficofr AB3k permt the selection of other suitable 20

solvents. Wile reacti Oﬂc@@dﬂiﬁﬁ‘hmcﬂiﬁm[\’rﬁﬁ}y appreci ably, the use of high
t enper a- res uI d e Satisfactory results are
obt ai ned ovgrl“%ﬂ’é’lt?%&% “ggf"b%éﬁf’ﬂ of preparils S§M% r1C. with room
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par eyl atlly S I SRR AN S AT of e
starti ng ¢ rtltgtlarl described i e%ll gt To insure best

yiel ds it | sSThE erfvﬁfmibxedel €t hew rcea ﬂhﬂéhepefabyhﬁl& czﬁpounds andfprd-rom &8s little as
15 mi nut esestep foalseuprepi@tidpotherepf. These and other objects of this invention are ob- 25
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Further, e W%“?@h‘.?’é“%ﬁh&?ﬁﬁto& kT PENS) L G0RLE, BLGE AR o5 starting
conpounds naphthacene dekivhtiGed tia¥Vit | 84fi. U The coupling
react® on \hrinb ssauenyhxdicatzcbxmhutrmployed by “(,tealcats'\bst&ctaccorrpl i shed accorting to

known mnet hods. For exanpl e, the 11la - halo - tetracycline is

di ssolved in water or in 3,1k e al cohol or ketone such as acetone
30 to which is added i#t'i on containing one to three nol ar
equi val ents of the 30 ;ﬂyl di azonium salt. The tenperature
of the mxture is naintai n vl *10[err] C. The coupling product
usual |y comrences to precipitate promthe reaction m x- ture after
about 15 mnutes, but reaction tinmes of the order of two hours are
ordinarily oyed to ensure co te reacti The product

usual |y sé %gf"?ﬁ{%ﬁ %F‘ﬁ‘ﬂ‘tftfs s group ?rg‘f’sérci’“éa\‘m tﬁ%f‘\’u col | ect ed,
washed an e reci pitation does not occur, the 35 pr oduct
may be othabsnIedztsb evaporatl on._of the @oimpeNtmor by extraction of the
reactfon %- N(CH.)., gﬁgrgﬂvﬁﬁ gycrb}folt?r@ﬁtdé“e s.n-butanol , or methyl

i sobutyl t%%ﬁs)” QC1,12a - OH ﬂuﬁfgm vaRt ai ned are general ly
sui ted for4 f\lqtmtr er- enmmahatonnsfor meet-i dBdxy OF - By trigcline further
purified bny ;tla-rQiih or crystald- @artyreg'ﬂcyrlmom sol vent s
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yl azo - a - halotetrac cl.in - ketals. When Z in
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aryl azo c rog e product is a mxture of the 45

7 and 9- |son%rxsgllr%;rH§rbﬁ §

45 18 ‘i‘ s as well as correspondi ng
nitro corrpougc’ISHOJr » Provi E‘Etc:gﬁ!aééor Irlfgiel v(i\%tth t he foregoing

descrip onﬁagd«j particul arI y useful for the producti on of

corresp ngt m not etracyclines. The azo conpounds are reduced by
electrolytic or chem cal nethods, but preferably by catalytic

hydnogenol ysis. 50 | f desired, the 1la - hal ogen atom of the ring
D - substituted - 1l1a - halotetra- 50 cyclines obtained from

Structure II corrpounds may be sel ectlvely rermved by re- ducti on,
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55 conmpounds cont ai ni ng ot her reduci bl e groups. Accordingly, 7,11la -

dichlorotetra - 55 cycline - 6,12 - hem - ketal is reduced to 7
- chloratetracycline by treatnent with sodi um hydrosulfite 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
re- action conditions. For exanple, the present 1lla -
fluorotetracyclipes are converted 60 E%cgprrespondlng 1la- desfl uoro
conmpounds by re ac- 60 cording

to standard practice. The 1la-fluoring
| ysis over noble netal catal ysts,
of hydrogen gas, e.g. up tg
t enper atures hi gher than room

be required in sone cases to perm
desired product. Under such condit

myy al so be renoved by hydrogeno-
atH,puUper at nospheri c pressures
at nospheres. The use of
P%(20-25[err]C.) may al so~~
65 yield of the
.gen6W95|s ot her reduc- 65

6 OH o LH09950031 Chlorinationl &/ € groups,
e.g. the 6 - hydroxy group and 7 or 94- agoggeﬁ@r TFRérinkkiodl t r 0 groups,
r exanple, 7 - nitro - 1lla

Wil | al so be susceptible to r ey
- fluorotetracycline - 6, /
hydr ogen gas over pall adi umon car
yields inter alia, 7 - amno - 6 -\detx) f¥é2 as a product. 5

The present 1la - halotetracyclinessareg alk seful R &d piermedi ates for

t he syn- 5 thesis of 6 - deoxyt'etracycllngﬁre Lﬁ atnment with
hydrogen gas in the presence of ‘i%w2a0|d over & noble netal
catal yst, both the 1la - hal ogen a0 Jroaxy group are
hydr ogenol yzed. For this purpose, lydrogen gas from at nos-
pheric to superatnospheric pressur¥ ed ot hough it is usually
preferred 10 to enpl oy high préssy frticularly with 1la - fluoro
- conpounds which are found 10 to be | ess susceptible to

hydr ogenol ysis and are preferably hydrogenol yzed at el evated

tenperatures, e.g. up to 100[err]C Except in the case of 1la - fluoro
conmpounds, tem peratures does not appear to be critical in this
reaction, the use of high tenperature% (up to ,0 {nly
serving to shorten reaction tlne, T’3+° “"Bal ot et rac ' =

) |
ﬁ'
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kedtHal on treatnent with
sure of 1500 psi

conpounds are convertedomoot e fobl owi ng prod-gt D 7 -
bromo - 1l1a - chlor ortg ﬁ’EyNQJI i.ne - EZ - hem - ketal 7 and 9 -
nitro - 11a - chl qroj - 6 2 - heperinatiok et al I1q. Deflucrination

20 7 - ; °h|orotetracycliﬁe - 6,12 - hem|- pletief gfon

7 - chloro - 6 - ngcllne Bechiorimetio | & - di ¢h| oy ot et racycline
- 6,12 - hem - R 7, - fluoro - 6 - denethyltetracycline 25
and correspondlngomom ketalized conpounds where appl i caBl ¢. The lla -

hal ogen 25 p@qgved by the degcri bed
her ei n. , DER®

O particular val ue arép em i 2Hocetngibng T in
whi ch substituent A iR og rloguRrotrretonl i CoNH,.
fluorine. These conpounds aP# ; drferted to suy

surprisingly high in vivo b|ologmcaixact|0|ty agai nst ©°# o 30<>H 0
causi ng m croorgani sns whi ch nakes them val uable for use in human therapy.

These conmpounds on in vitro testing show only noderate al beit
significant activity. The con- version is acconplished by treating
the starting conpound (Il) with a strong acid of t he dehydrating

type. Al though a nunber of such acids nay be used for this purpose, 35

it is preferred to use mneral acids, such as concentrated sul furic acid,
phosphoric 35 aci d, pol yphosphoric acid, perchloric acid, as
wel | as ot her dehydrating acids, such as glacial acetic acid
(containing boron trifluoride), hydrogen fluoride (preferably in

liquid form, and trihalo acetic acids, e.g. trifluoroacetic acid. It is
al so preferred to enpl oy the mneral acids in concentrated form
e.g. at |least 60- aqueous acids. Wen



40 the m neral acids are enployed, particularly advantageous results

are obtained with aci ds having the follow ng concentrations:
sulfuric acid 90 to 95% phosphoric
acid 80 to 85% perchloric acid 60 to
70% 45 Reaction tine and tenperature do not appear to be critical.
In carrying out this pro- 45 cess, the starting conpound is added
to the selected acid and al |l oned to st and for relagively short
perio d_is_added to hy-

drogen fluori de, preferablyzquU|d hydrogen fluoride, at O[err] to
S0[err] C. and al | owed,t 0 ¢y, N@%@tand for, 5 &g 7 M@, es, and even

| onger, e.g. up to seyerj

fluoride is I
50 J%%ce%h

af ter whijch Jt ne 50 hydr ogen

duy ogat ed by standard
@&l he hydrofluoride
salt, e.g. s$tirred % : g rystalllzedfrom
sol vents sumh as | oweronalkan®l s Wen sul f u co o o acidis usedit is
pref er Bed §tg enpt®ipzt errperit ures, helow 20[ err] C [Wen, perchloric

acid be reaction s preferanly car "Epch%m.ont t enper at ures of
from 5 e efably from 60[err]C. to
70[ er N G ??‘“concent rated per- T 55 chloric acid
may beous & tBis process but its use is not preferred because of the

w th which ghose skilled in thg art are famliar. The
- doss; noteappear -t o be CEati calu(c&;)pce the reaction

appears to be aj nost 23QUS. exanrl e, the reaction tine
of from5 to 1L5|lie0y n&“‘i"&ﬁmtf.t '60 | ent
results when the rea AR a8 | to®Q to 70[err]C
Heat i ng 60 Nyf NOnger perio whi | e not harnful,
provi des no appr eci abtte ad’f?ant #&e and oH Oof oPMtifi s reason is not used.
At |ower tenperatures slightly |longer reaction periods
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nd X . . .
to obtain qu@s i asPrevmusllcf 1"fe the product. Wen trifluoro acetic acid
or atetic aGLd:Carm,IuHed t he reactl on is preferably carried out3at room
t enper at ur «gpd X, =H, Cl, Bf’ &!\gF‘fﬁ U’E‘IY 8e ?fd&r"éx Bf3é% t he reaction is

conpl et e, 2 K& gt dddt ™€ 5% (ﬁ,ff,ﬁ;ﬂm mustBeHet andard procedures. For

exanpl e, it 118 190Shal6 WRESANS strGonitE (T8) Yhichi fot ehe tstitGecbmatter of reaction

m xtlar e V\dn‘nhonal()dpphcam|mm4,90/§3 gﬁmvi/etﬁceﬂmﬁﬁﬁ)me premetl thg rdagtiopofci pilfati on of
the 5 ¢ S““ab‘e 5P ‘1}% K el 'i‘"%fé‘a‘?or @i‘ég;%oﬁ The product of
the aci d tiAé of the present ¢ oﬁﬁ@&g‘s'fs it o tFa‘ﬁﬁUl ting acid

addi tion §ﬁh&nslﬁ;ﬁtoﬁh8h§d&@&x Dasesor paliyn dete & &ﬂé'fnucleus Those in the usual
manniér . Woeepoundsan shigl thFh Ogeto matndtelfemd 0 mss oeleeyb/ ipgegmecila -15f | uoro

conpound, mﬁﬂ@ﬁg ?%L}Ft c%c,?ne nucles, re%;[tflr%jny %Eg?lsnl 1;11‘11 n%épqit 10 The
product s ffEHig. d¥bg bmnﬁmeea%n@&eh v B0 sl | nes of
St ruct ur eIn thé crystalline state, saﬁgearrtanse @reBominagh e;om foﬁnof denmethyl - 6 -

met Ml enehemi lﬁetaLstmwretaels 8! rp@ ghe lack of Cafb"ﬂylﬁgkfl@@hp‘b n wch Z is H,
as the m h %af?ge‘ﬁ) a S ISRET s SUE BTyt SXist A let) shows
car bonyl |on a or near 70 mcrons. This absorption as previously
ment i oned |s Iackl ng in thezlka ‘ ~ - ketal starting conpound.
Further, there 15 is agp g H|n ul traviol et absorptmﬂ__,
HCL) fromthe vicinitydst
hedoihi,- ketal starting ,
conpounds) to the vicinity 3 ‘ (which is characteristit~
dehydrated pro- due*t! SP. xT‘he dehydr at ed products al so show two

addi ti onap, sl LipM Blufiln ARSALD kAR lade herein to the helfll - WRthiChimar € r especti vely
abouts 4. 2pand, i tfmmexﬂaneammemmndnlmmba% 11at- h3d bonr kewakized 20 25 The two

addi ti Onato%%asgéa% m% EYE?% 02‘17157a td’,%i}‘or espectively. The
20 i ngé@ %1:?[&% put 375 ynderr] in
the case 93‘10 inafter will be ref%.fid a cuns- hemir-&etalf& about 380-390
ner® in thes sraslech@%mm}? w0 fmaisation isrrapiplished by reacgszi 8 smabler 0,GA brono.
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s 25 ST T R R SRR T
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prepared by net hods her e| nbef ore described. Thus
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are prepared 7 and/or 9 - substituted - 6 - nethylene - 1lla -

hal otetracyclines in whi ch the substituent is halogen, nitro or
am no. The 1l1a - halo - 6 - denethyltetracyclines on reaction
wi th hydrogen fluoride, per- 30 chloric acid or other strong m neral
acid (hydrochloric or sulfuric) are converted to 30 lla - halo -

5a,6 - anhydro - 6 - denethyltetracyclines which may al so be prepared by
di rect hal ogenation of 5a,6 - anhydro - 6 - denethyltetracyclines by the

hal ogenati on 4 met hods previously de¥é3bed. The

11a- hal o- 6- denet hyl a r cycline y
userul i nt er ool at Caay e B At LA gﬁﬁ%ﬁﬁﬂﬁ hy! -

35 tetracycl i negyelickOin wehichngd as,logbyxs(mm woletye:ﬂl chiedhadig ©egests tolay by eim-ogen
over platinum gat a-Ploys m 2 rea‘-"fm — [Ingug s V&B‘Ucw loammam iiggbudg; ehlgrineg\ne r

al kanoi ¢ aci d 2ol ve ok ten s e ai% tz;ntlg‘;,te&’fzh v‘:ﬁhﬁ%ﬁéﬁgﬁ fludto
products are then sgbpReic @dr u@ lnhcm&lmmn e, & hﬁlanﬁﬁaeyaddm-cm&m

in described to obtkwer -6alkan®egmlgdese§ N - ﬂuce,t'ﬂsram @hﬁommmmades 3FI uor o
- 6 - de- fEmAe doreicle d*fei ayrchiarie; hydeolglideso n
sequence. The ]:Pla _le)my ocl:rflxiu eper te:m “low e@&a}? ver zlg;} %ﬁgéﬁangﬁé% uct d?e

11 are useful for ibdvel Meks BUBS trhat, Uk pedErall a@e:hlbmﬂﬁng cofifdonly employed .the arD- I'i NQ
substitution reacti @rvseréxlﬁehutabﬁ fbbrs e priewdods Igsnerd’egoqr prbfededfmmsqu&n 11w -
hal o %ﬂé‘gfgmlaqemglw {g&xttqir,éno} tet jacygline starg

h
. y r€action - nert spl as emplo«y erem 1§ me t a,50 vent whx
hal ogenati on. ﬁurt N&E conSRBA Q1 E Sealon, does not reacdinaH @hdd§iRd mbhdner With éféét&b
hydr ogen, al so undei’ngamﬁpbbﬁisloi‘ (findl Optodue@aLC tA mnﬁnunn of hBorﬁory expenmentauonmﬁilhyl ene

group. In all of su sSFlFCtﬂm ployuitable pelvenes 1%@1’3@“ nds 45
are produced, jhe nf; Qg‘ fe@igﬁae?eé }gg ‘ﬁgy (% rf,@ t hg,
desired 45 critiodl (pPocksE @we% bryfr w@rsm ﬂBﬁrﬁCs@i !éeﬂ‘eme g.
countercurrent di St pdrdvertsi abowe 50°C. should mdtramsnb«:ztvmdemameg axplpyssxbie famarion mat I ons

t her eof . Eféi’ %ﬂhydm co 91

For exanpl e, hal ogeflatf off ffn S iﬁg’éﬂfﬁﬁl SR AN %00k ";iﬁi % “M&SH ousky
50 descri bed umdeﬂl?f %d%(gd‘ﬁﬂo@.@E&%ga{lﬁg) oncrﬁmﬁﬁn?fpaundﬁuan pgéfaﬂlﬁttd.lr el,
produces com 5prepare the chi dlﬂmds kgl paredsun @swaltéi -amicitig Mventsmh ta$ ng

by n,| qiqxane; goetone, di - low neg|
W th corrpounds of s (E&flu e’ prodﬁct 1 Ubtamed ere d utmln 1%1(3 1'e:at’cr:mq((‘Eﬂ I ¥v1 ?gn
30

occurs principglly a‘i ﬁﬁch précipitéics!the IQPJ.C hemi - ketal.
al so occuring at the OThe nﬁ)SIcthx@rtpm;&ﬁmlistiﬁ)na dpﬁasarbeaxhgmy xatuvb@stihctche 7 and

9 positions. Starti Y_gltl:tghll ) WEQWG pd §1 'Isél{q{}g (gielﬂrqessﬁtm"fvm‘rc ale
hydrogen, hal o- 55 FCPecttngd 81 %F"Q‘m’fﬁaﬁ‘?ﬁ’&zﬁi@lo éé o ene

group, and to 3 | essekare, éntofaﬁou Q>r1550ursatroomte19peran bl dedAsble0de- DOt I35

posi tions. composition. NI TRATI ON CF STRUCTURE 11 COVPOUNDS
Nitration of struct urelT}le cﬂ’ %f Ha -pf }%g? ‘g@ bl%fe? ASEngr B VI
and X, The ﬁjg? xaus_y n al &Eﬁpm; &ﬁﬁﬁoﬁ%s

previously desgyi beeiecﬁé’u by dlssdi@fg ¢ bbrdihg Stpdind Sh rtMCsTeldd‘tﬁ 401verﬁ015f§féih!ﬂﬂ$n 40
Nitration of struct eikzeoll Cblttalmugnnourﬁd@rbprnafmnﬁ@nmmng at leaspyin m@hr Euwéﬁ@f tht oduces

principally 9-nitro T?g)ﬂﬁ ﬁ P:;]resoutlugbg”&e’ aé%%%%"éxrf‘g aranu ‘jalu rea‘m“p"" and 6
%m{ n

- ni tronet hyl ene cogRAM Wmentifls B skisftd 401 élﬁs

whi ch 45 is collected in Bhe usuﬁ%gsia‘hmn (l;nd dried. i & fo- b 995, 331

E is hydrogen, nitrati Q}i‘gg B ?§ #ﬁllﬁﬁ - gg‘r Pi?up, as
1 ha

well as 2 el R el ﬂ%s* @m 50 the

7 - position. of the 11a - carbon atom from the hdW g ughy tiND VI | |

COVPOUNDS 50 the stereochemical rditibuship iod rhe gormed prucntu lfcemaddn ahdle \ierhi] - keipourids

produces conmpounds &fucrer G@ESELF‘E@"“MS are genergjly obtained by Tiga| y .

The nitration is acgg%ﬁs réEﬁggseﬂ(%ﬁ gﬁd&&g%%%mﬁiﬁgf;éﬁ!& ;1136 zscggc}:

her ei nbef ore descri ly defined:
DEHAL OGENATI ON The ,ce rr@oumiig1 of structures III, IV, V,
VI, VI, I X and X, which formthe H *2subj ect matter of

di vi sional application No. 36489/63
herei nafter referred to as 6 - neth
tetracyclines %e 10

Q95; 033) and are 10
chl oro and fluoro
esoMior the production of%3

The 11a - chloro and fluoro compounds of structure IT are useful for the prepara-
tion of corresponding D-ring substituted tetracyclines by aromatic substitution reac-



6 - nmethylenetetracyclines (conpounds of structures VII and Xl ), the

conpounds of this I nventi on. Al t hough
such structures of sonme of these conpounds appear to be isonmeric with

15 known 5a, 6 - anhydrotetracyclines, they appreciably differ,
particularly in their broader 15 spectrum of acti vi ty

agai nst varieties of mcroorganisns, higher activity against individ-
ual organisns and particul arly against antibiotic resistant organi sns.

Further, the Pr s git conpounds provide animal protection
agai ns%——d4—se&se——e&&+&kng—epg&m—s%—wq+eh——-————|%eperty I S not
shar ed bytorste ghvncwmposds @bstituged iy the G aedfmpﬂ)un@sm,is Exemplgat f skahown. 20

The chl orf¥gL] ¥} Egy%b%%"&y #%tﬁ‘e ] tﬁ"a g og&&_l shed by standard

20 pound with a ha [3BiNing) gen@maqam or fluorine
I nclsudi ngnelxosblent e previably aﬂd‘lbed with respect to syndles%aif alleyiia € haled:mt I on 5net hods. One

such catal’lmyf‘fi -C_reduction | ace |shed wth
o oo b Ao e e O ety oot o
s Offael

catal yst s, gentpermoloflla-hal@- eric to 1000

at nnﬂ;phermrmmdale ead@tmmgagxag $$logenat10noccu235 from 0 to 10@gerr]C. A
vari ety of @ffey 25

i nvol ves gﬁg@% Pr%lﬁga ‘ng %‘L l%%ﬁmfhé"vﬂ arting conpound

I s added Nitration is accomphsﬁe@ baan,aefuﬁ@u@dﬁ@mém gagbsected hydrosulfite
and 1al | oma@mplstmrm cormvmdtle amthmerwdmdmkrsrsrﬂommw srast cdhveni ent for
this reacs sy 10 Rl Eang;cbc“ results Ctehgcn‘“a“‘m ﬁFt‘OPé%ﬁS‘VaI of 11 a -

chi or i ne %%d“‘fmi%ﬁi“d@s;‘éy ; R I

art, inclAididigim of laboratory expenmentauon w111 permit the selection of other suutable
30 20 solvents. While reaction ca dlttomemmm apprecinbly itheuse ota gie@mserhydrl edi ¢ acid,

(b) t reattw%ﬁ%. t%elzfo‘;%(iliﬁ aﬁ%m: pre erre zﬁ'eeo gm n%‘ne@n on Dnotdonor such as

aquUeoUsS  particularly critical, pamcularly in vuex@-%ﬁ Qtalﬁﬁb f e stmﬁ ﬁ) acid
It has bekiuciEuépd onsma b&s@ﬁeldklxas prefediddas ﬁbe@dﬁdmﬁ bmdsot etr acycl i nes

may 2be Offmm%lm‘eas”m’é |f1J O’déﬁé enatedselig aswrultaneu};ﬁtre'éﬁ ment of the
10}

11a - chlorg % m&‘?a?fy lnza':u%lh"“ o ;E;ﬁg% ” zinc and sodi um
i odi de i Ng@ D akoefstihed a@e@ﬁﬁ\ 29 ko | ek, | P btk KTy

al kanone, tetecygline dodidsadvee uommrconml al watekr snhtbhalcme&&ame sah agacroneat room to refl ux

t emger -  to which is added an aqu il moqj@pqa\g:g ﬂ’éfq: aF‘éer?lﬂngf excdsses of 1000
aryldiazonium 9a e te E) ixture is ma
nol e - pQE]g%e H The coupling producc usuallymen E? %ﬂpﬂat tllu Fi ctxon gent S. At
reflux  tieBie tRhtl minutésCHE kda@idn timbsSof the order ¢ @wo wplFeesmmnyn as little as

30 m nuteaasloyed 1o M\tre romptesaeetmcmn’mq ;soduclx onplietepdatestan en amorphd@
CU.
pr odct Itgagﬁﬁtteﬁié may 0 eu y evapura&o% of tlﬁ(chd ie%qr ﬁgé f"@?ﬁu %ﬁtﬁ lbct‘?% readtion
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1. 6-nethylenetetracycline 2. 6-deoxytetracycline 3. 1

| a- chl or o- 6- net hyl enet etracycl i ne M C
(ncg./nm.) Organism 1. _ 2. 3.

M crococcus pyogenes var. aureus <0.19 0.78 50 (25 p.)

St rept ococcus pyogenes <0. 19 0. 39 12.5 Streptococcus
faecal is <0. 19 0.78 25 Di pl occoccus pneunoni ae

< 0.19 3.12 25 Erysipel othrix rhusiopat hi ae <0.19

0. 39 - Corgynebact eri um di pht heri ae g4 °3A0 78 3.12 >100

Li steri a nonocyt-egenres 0--19 25 Bacillus
subtilis :Ele %m@ggl@g u\:;%iré rjélydr@iiy(z.i.cnlp and 7 or 9 - M@n mab«érdbnttem értlms wglasel
0.78 25 50 0F Oc o pges fluorotetracycling ¢ 6,1 9
076 o5 el bl gt o e RS e R
Escherichia co$i The present 11a - Haloﬁaﬁ'acyclmes areﬁalﬁo useful asi‘ﬂfi;@ﬁe e@tfﬁu:ﬁe i garis
12.5 100 thesis 0@ -Pisenytitsrpmioes. &y ﬁﬂnmgath hydrogen gas i BheQpresence $00

>100 Sal nonel | a gal Woveranoble metal both the% Ya g halogen and ?éﬁﬁ;ﬁﬁhel | a
10

rogenolyz ! SSUTES O en
pul | orum phen pera%mosghc% ﬁzssur:s may g;?thk}?dﬁ]té Fi'iaLEﬁ’y pRfeEONI ae
1.56 6. 30 toxthPBy high pe®iresapayimiily Rifiefia - fiuoro - comporlds ¥Bich are found 0. 780
12.5 Henophil us i nf‘IOlPGrlFESa%‘SCCPUble to hydrogey %11396 and: are prefgabfyohydrogenolyzed @ %ﬂt&n gella

. tempera up to 10 8 , tem-
sonnei peramres Hod 2t ap % s et O T SR A St
<0. 19 0.19 (up to 50° "o@'nme The 11a - halotetrgg'a%l
3.12 25i5Vi br #npeac @rﬁ!m_l((){ l(;nlynshght bxo]oglcal acnwty when fg&ed in vitro agﬁinsiL &st organ- 15
6. 25 Pasteurel |l a nmuFt cosie aPne“m&
Strept ococcus adal a&;{%ﬁ" iaoying the fgﬁmdjgpmdﬂ’?"ef"“ described the ab‘wel]éa'galwggﬁlﬁ’gsc erium
607 <07 1&omo - 11a - cHlbord&racycline - 6,12 OhedB - Mt Obact er i um ber ol i nense
<0. 19 100 20 7and9 - mt@ -30p Chlprdictieaycihelyi 69 P bemi - ketal 50 20
100 >100 S&I’%T e orotelt:acychne 612 hemi - kgtel 19 _ 100
1. 2. 7,11a dmmo' : EWQZE%,sie@amce strains of M crococcus
pyogenes var. aureus, - fidetb- b - demethyltetracyclme 6. 25 6.3

>100 400 ** 25 and corresponding non - ketalized (g t;r;gmnds where gpplicable. The 1l halogen * 25

Resistant to tetrac?&’?ﬁ’?ﬁéb‘é{e’“ﬁwgg’h‘%ﬂ?ﬁ‘% FHOHFEH 100 neg. /m . * %

Resistant to tetracycline at a concent paHyorARdEW 50 ntg./nl .
10 Of particular value are the 1995 h{d@liemi - ketals of Structure II in which
substituent A is a methyl group and X is chlorine or fluorine. These compounds are
30 converted to substances of a surprisingly high in vivo bmlogmcal activity against-diseasg Ry 30
causing microorganisms which makes them valuable for use in human therapy. These
compounds on in vitro testing show only moderate albeit significant activity. The con-~
version is accomplished by treating the starting compound (II) with a strong acid of
the dehydrating type. Although a number of such acids may be used for this purpose,
35 it is preferred to use mineral acids, such as concentrated sulfuric acid, phosphoric .
acid, polyphosphoric acid, perchloric acid, as well as other dehydratmg acids, such .7,
as blamal acetic acid (contammg boron tmﬂuonde), hydrogen fluoride (preferably in [ <
liquid form), and trihalo acetic acids, e.g. trifluoroacetic acid. It is also preferred to
employ the mineral acids in concentrated form, e.g. at least 60— aqueous acids. When
40 the mineral acids are employed, particularly advantageous results are obtained with
acids having the following concentrations:

sulfuric acid 90 to 95%
phosphoric acid 80 to 859%
perchloric acid 60 to 70%

45 Reaction time and temperature do not appear to be critical. In carrying out this pro-, 45
cess, the starting compound is added to the selected acid and allowed to stand for
relatively short periods of time. For example, the starting compound is added to hy-
drogen fluoride, preferably liquid hydrogen fluoride, at 0° to 50°C. and allowed to
stand for 5 to 7 minutes, and even longer, e.g. up to several hours, after which the

50 hydrogen fluoride is allowed to evaporate. The residue is then treated by standard 50
procedures to obtain a crystalline product as the hydrofiuoride salt, e.g. stirred in a
non - solvent and recrystallized from solvents such as lower alkano]s When sulfuric
acid is used it is preferred to employ temperatures below 20°C. When perchloric
acid is employed, the reaction is prefevably carried out at temperatures of from about

55 50°C. and higher preferably from 60°C. to 70°C. More highly concentrated per- 55

chloric acid may be used in this process but its use is not preferred 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 excel-

60 lent results when the reaction temperature is in the range of 60 to 70°C.\ Heating 60
for longer periods of time, while not harmful, provides no appreciable advantage and
for this reason is not used. At lower temperatures, slightly longer reaction periods



The follow ng table sunmarizes the in vitro activity of further

representative com pounds of the present invention.
TABLEH 1
6- Deoxy- 6- denet hyl - 6- net hyl ene- 5- oxyt et racycl i ne 2.
7- Chl or o- 6- deoxy- 6- denet hyl - 6- met hyl ene- 5- oxytetracycline
Organi sm MC (ncg/m)
1 2 M crococcus pyogenes var. aureus 5 0.78
0.25 St r ept ococcyss quogenes 0.78 0.03
Strept OC'O"C'C'U'S“'f”d’E'CE.‘I""'S“’"—'—" 0 V) 6 —
Di pl ococcus ph%lﬁﬂﬁpd olzltau;1 substantial y1e1ef oduct Wh fporo acetic a?d
acetyc acid a the reaction is prefer rr1ed out at oo perature for
Erysi pel ot hh Yertod P LA % s, After the r y‘i? complete, th %52: is obtained
Corynebact ety ls!ﬂﬂddddpikhbchﬁﬁds .a6€For example, it i@ convenient ]to Qnerely dilute the
Listerfa no gith non - solvent, e.g. we@er ]y@uch results i) pg_eglpmatxon of the 5
Baci || us su er g the resulting acid addition salt. duct of the ¢ qehydration may
erted from the resulting acid additio %g the free basé or any desired salt
Lact obaci I | !hsth@@sﬁﬁ'manner When the starting compoufi® for this process is an 1la - fluoro
Bact eri um Acnmpmma,gmﬂ &sul’cs are obtained using perchlor@Scid. 19
St r ept Bcocc d‘%g foge dehydration proces ar gla - haloten yg es of Structure 10
thylene alotetracylines.
M crococcus § ich %ﬁﬁl—le&iﬁh W § on mftgre ysis (KBr pel-
Aer obact er &8 rsﬂgll @a‘-}bonyl absorption at or near 5.7®mierons. This ablorgtfen as previously

Escheri Chl amermxbned xs Iachg in the 11a - halo hemi -JethDstarting comdumtB Further, there

iff in ultraviolet absorp axima (measured i §.01N methanol 15
gZFlrJng el P:S }rﬁﬁimmty of 345 mu (wh:cl?' (%ghng eristic of thghqg ketal starting
vicinity of 375 mu (whi haractegistic o e?%ehydrated pro-
Sal monel | a @MJt OTKéthhydrated products also show two aHQitibfd) ultravidle sorption maxi-
Kl ebsi el | a pmg.@mbmeaesp*ctwely about 4.2 and 5 t3ne1510(ep tense @aﬂ &at ar 375 mu.
i fional peaks are found at or 0 and 277 my. gygpectively. The 20
Nei sseti Wﬁ A
Henoohi | US prﬁ&ﬁlus éﬁmennoned characteristic peak at 75 mu in t}ai :Q% of compounds
p I ] occurs at about 380—390 the case of nds in which
Shi gel | a soAR&hloro or bromo.

Brucel | a br oncAddgiopd it bagr halo - 6 - methylenetet@cxg@les are prepe@edeBm D-ring sub-

O%?]' SUE halotetracycline - 6, 12 hemx Js in the sa er. The: D- 25
\I\;B. lbl e Cesnng sgh gﬁnzed hemi - ketals are prepared bﬁ mz ods heremb scribed. Thus
10 COMMBre prepared 7 and/or 9 - substituted - 6 lene - lla tracyclines in

Past uer el | awkith thaobsel@ent is halogen, nitro or amind)

Sarci na | ut eh ;1:1 The léa halo - 6 - demethyltetracychne@d orygacnon with hydrogen fluoride, p&t r ept ococcus
chloric acid or other, mineral acid (hydrochloric or § C er

agal acti ae 1la - halo - 5a,6 . & d?f? 6 - demeth ltgtracychnes whu:Irl}gﬁtt1 }23 g)tcg) xfeg%jj) st ar?[o strains

of M crococgis Iﬂ%g&gﬂﬁ%f 8 - ahildre U % demethyltetracyclines by the hal non

100 metBdd6) previously descrlbed The 11a—h416)@ -demethyl-5a, 6-anhydrotetracychnes are 50

100 partxcularly usefulx B4y b pﬁdpngl i 1dghalo-6- deoxy-6 dowq@y]l t hesg invitro

tests Rere }g&ﬁhu m‘i[1 : %’é’ﬁ@gﬁe LoR, It g&g‘*mﬂ o e- s

sults were ore eM @wsogecm @a&urmaxm:azasc @c &QIefeVl ty of the
af orenen-  f described to btoméd dcmmp(ﬂmdtmetbﬂtezfabdhaesl Illa/\,hﬁlnorb est-ol- | n 20% human

serum methyltetracyclines are preferred for this reaction sequence. The 1la - halo - 6 - ( nmcg/ m)
40 ethylene tetracyclines of structur j8i | seful her substitutio reacnons

1 g. D-ring substirution reactions st 6o ?ﬁ%‘ﬁiﬁ:h‘iéusé%&%aé%r\ﬂﬁ I1a S US 0.78

0.39 herm - ketals of structure 11, ie. nitration and halogenation. Further, compounds of

structure III, in which E is hydrogen, also undergo substitution reactions in the 6 -
methylene group. In all of such substitution reactions where mixtures of compounds

45 are produced, the mixtures may be separated into their components and the desired 45
products recovered by conventional procedures, e.g. countercurrent distribution,
column chromatography or combinations thereof.

HALOGENATION OF STRUCTURE III COMPOUNDS
For example, halogenation of structure III compounds, by methods previously
50 described under “l1la - Halogenation”™ of compounds of structure I, produces com- 50
pounds of structures IV and VIII. Starting with compounds of structure II1, in
which E is OH, halogenation occurs principally at the 7 - position, with some sub-
stitution also occuring at the 9 - position, and to a lesser extent at both the 7 and
9 posmons Starting with compounds of structure III in which E is hydrogen, halo-
55 genatlon ccours principally in the 6 - methylene group, and to a lesser extent at the 55
- position and /or both positions.

NITRATION OF STRUCTURE III COMPOUNDS
Nitration of structure III compounds produces compounds of structures VI and
X. The nitration is accomplished using the same procedures previously described
60 for nitration of structure II compounds. Nitration of structure 1IT compounds in 60
which E is OH produces principaily 9-nitro compounds, and to a lesser extent 7-nitro
and 6 - nitromethylene compounds. In nitration of structure III compounds in which



St rept ococcus pyogenes 0.78 0. 09

St rept ococcus pyogenes 98 - 0. 19
M cr oceceus py-ogehes—val alreys 2090 - 0.39
995, 031 11 [T TS noted

that 7 - chloro - 6 - deoxy - 6 - denmethyl - 6 - nmethylene - 5 - oxytetra-
cycline has greater in vitro activity against a |arge nunber of organisns

than 6 - de- oxy - 6 - denethyl - 6 - nethylene - 5 -
oxytetracyclines8 When 6 - q%)qﬁx 6 - denethyl - 6 -
: in _vivo through both

met hyl ene - 5 - ayt}g [acy u%;;lg?waa Lestch -

the oral and parefq Eig ?’ PCCEIR PBPaUY b Wiet 6y - gredgltegréubafy well
tetracycline or 5 - %)x ST T s & & 58T SR LK i RPRi on produced wi t h
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tetracycline is 10 6.4 rrg/ kg lla(-ODBli{AM)GENIAh‘ﬁ)ﬁ8 ng/ kg. (parenterally).
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tals re @Ge 19 u@@fhséﬁnﬂmcs&ﬁnei the 14 epar &ti on

of the . tctracy&ﬁléifoﬁipaﬁd dedily % %ﬁ&ém e ?ndétflo !Zﬁlzg E]E Hidane | on.

EXANMP | to dehalogenation. The lla - fluore comdpoghds a ves 6 12 -
heni a0 The 11a - degiglogcor ﬂSl & methylderetgcy cﬁxfes ) in
800 of wat er o éhgﬁgggdtﬁwmpj“]  zitra ag‘f‘%s cvaridy pfl di sE casfng vaI ent s)

of 2N"Sodi um hydﬁfMaMg@@hut I on. m?mafly SISTOYe aﬁaé“s‘ am‘bmtlfd‘”‘“am strains

di ssolves tg yield esfdlowtng@abe stnh:ea k4 tbehdﬁgty&ﬂm’%&%&&ﬁ hl oryl
fluori geejs  Gpomeidh m’}%lm 5: Pﬁfoﬁm mslmmgmg am@dusok&?&i%&%l nt 3k ned
under L't} ogendifdi cluded in the tablb bie 1s1&ﬁ§m? D e e gt

7. a‘hetﬂmytynepd‘necﬂ Plaéorr@raSicie Ondtdd ec Nﬁ% 6luemeth Wween pH 8
nd 8.5 ex c@@@l@p@r bl yie geretatly loder rha& thokelict 166 e errabbeinih B Sfpeam of 45
nitrogen and thed gi’ééraﬁy olrieagﬁ?nra,%@fsalﬂfl?f?@ccmmgmalvar,sautfeus 100y ederal S, wgghed
w th water and AY 8dred under vacuum at roomtenperature to

obt ai n”&. :6:8.5 g. of product. UI traviol et absor pti on shows maxi ma
at 267 ,gn,d 40 n{err] I nfrared shows no carbonyl absorption




bel ow 6 m crons. Bi oassay agai nst K. pneunoni ae shows an activity of 8
ncg. / ng. on the tetracycline scale. Elenental analysis gives the
following results: 50 _Calcd _for: ('Tprr'IH[err]N[err]qerr]F Herr]Q
C, 54.95, H 5.20, N, 5.83 Found:
C, 54.97, H 5.19, N 5.85.

EXAMPLE 1| 1la - Fluoro - 5 - hydroxytetracycline -
6,12 - hem - Kketal To a mixture of 6.9 g. of anhydrous
oxytetracycline base dissolved ingg8fsi m. of 55 met hanol 2ooled in an
i ce batt—ts—added—teygurvatent—of —INSodrum et noxi de - met n- 55

anol solution. The yell ow sodi umgglty precipitates. Perchloryl fluoride is
bubbl ed in and the sodiumsalt redissolves. As the m xture nears
neutrality a heauly Ganelylepstératyeline starts to form The excess

per chl oryl quorlde S swe %mout with a stream of nitrogen, t he
product filtered 2of¥ emﬁggﬁg %ith cold methanol and dried under vacuum at
room 60 tenperam»amn&anﬁmmammuﬁmﬂmg of pale yellow crystals. Infrared
absorption shows no car- 60 bonyl %gﬁorptlon bel ow 6 m crons.

Bi oassay agalqé&mK pneunoni ae shows e Ef of 4 ntg./ng. on
the tetracycl

Q

e 8cale. Utravial PT ~absor n'r ion Qhﬂ\I\R mexd-na at 265
Micrococcus pyogenes var, aureus  <<0.19 @%%, 031 50 (25 p.) and 336

merr]. E _enémmgg?wggﬁﬂs gi ves ﬁgewf ol | o%)vggwg res%éﬁ s after

recrystal | i zgjGOTE. pduct gsrom wat er .

Cal cd. for: {pElothi ﬂhﬁszlﬁtﬁat{]NF [<ar(g] Herepo C -51.4; H 5.25; N 5.5
Found: Corynebacterium diphtheriae C, (518 2: HB. 15 3 >IQQ 5.7. 5
EXA'VPLE | | | Listeria monocytogenes 6 5

11a - Chlor otﬁﬁ%%ﬁ?’@cisge - 6,12 - ﬁe 5%Ph| ng(ﬁpj ution of 2.2 g. of
anhydr ous t etBaa€itel anft®nibginedS> M .  GLo. nsonoglq'rm (di-12.5 nmet hyl
et her of et hylephwtegheyugerley | s added 5‘8(1){) ng. 8-4f N >lgghl orosuccininmde with
stirr- ing t EddEle the reagent ,Jhe ure T3pal lowed to stand for
seven m nut eqasgilﬁn q,a.ugmosa di |l p§ 8d wifoh wat eg1¢25 m .). The product,
873 ng., cryNamdohdliz glinAagmwhi t e needias Bﬂbs 10>100 assay of
t he product Shalmesella pilletumacycl i ne ac ity abou “%?htg / mg. agai nst K
pneunoni ae. ﬁn‘?‘f@&ﬁo‘ﬂ%@ﬁm S shovg0 car égw Qd§ between 5 and 6

m crons. Hemophilus influenzae <0 19 Utrewpol et abzorpti on shows nmaxi na
at 267 and 34higdhZomgier r | 3.12 Cn—treatnent of this
product with ’ilalh’r‘? P‘éf%ul fite |ﬁ° égqueoug i met hya#Porm 15

am de at roo ut e, tetracygg hoe i sponhggeneraigd. Bioassay of t he
reacti on m x- Pasteurellamultoc1da t ur€o.3hows a39et rac%ﬁcl ine activity of

520- 665 ntg. /Stgptor(OPCus piaediponi ae) . <0.19 The crystalline
hydr ochl ori deﬁ&fﬁi@mlﬁﬂ&g&?rel s o% nedmg;} di ssol(yggﬁg it in excess

aqueous HA ( eze @pying fobe m xtuoe. 20

EXAMPLE |V  Sarcina lutea <0.19 — 100 20

7,11a - Dichlorotetracycline - 6, 121 hem ; ketal3 A
m xture of 2.4 g. of anhydrous 7 _-_<chl OrOte%ra(‘V(‘anF\ 800 ngy. of N -
chloro - succi nim de, and 25 nl. of 1 2 - di nmet hoxyet hane
is stirred foAnt@mﬁ_«irzsimnmﬁEreisﬁoféfi{r@muspyogmes var. aureus whi ch 100 m. of ether
i s added, fol#gwed by 300 m. of hexagpe. The precijgjtate thus 25
formed is colTected by filtration, washed wi'th hexane and dri ed.

25 400 ** In simlaro0flfashi 0d,127 - bfbno - 1la -

(7:h|_ Orb?gre}:),: Zf%l;l:;/g%eﬂségh]é%etracyggmuaconlée%%rafat!on{)e?ow 100 mcg. /ml. prepared from
EXAMPLE V ** Resistant to tetracycline at a concentration Beldw 50 mch/mtlr 0 - 5 -

hydr oxytetracycline - 6,12 - hem - ketal 30 Twenty -
three granms of anhydrous oxytetracycline is dissolved in 250 ml. of 30
1,2 - dinmethoxyethane and 8 g. of N - chlorosuccinimde is next added. The
m xture is stirred for two minutes and then poured into 1

liter of stirred water. The product



whi ch separates is collected by filtration, water - washed and dri ed.

I nfrared anal ysi s of the product (KBr at 1% concentration)
shows no carbonyl absorption in the 5-6 35 m cro region but

shows the follow ng principal peaks: 6.12, 6.35, 6.66, 6.85, 7.22, 35
7.55, 7.75, 7.92, 8.14, 8.36, 8.78, 9.18 and 9.43 microns. Bioassay of the

pr oduct shows a tetracycline activity of 4 ntg./ng.
EXAMPLE VI Acid salts of 1lla -
hal ot etracycline - 6 12 - hem - ketal s 995,031 40 The

hydr ochl ori de Wr e-
40 %}é‘@éﬁf ﬁ{esglﬁf\’f szd“get’ﬁé" P PR U YeAY ai ni ng

an equi nol ar amouht  of gen chloride and freeze -

drying the resulting solutlon In simlar fashion, <
salts are fornmed with sul furic, hydrobr dnpE dngd phosphoric

aci ds. 45 1. 6-Deoxy-6-demethyl-6-methylene-5-oxytetracycline =~ EXAMPLE VI |

45 11a - Chloro - 6 - deoxy - 6 - denethyl - 6 -
met hyl enet et racycl i ne 2. 7-Chloro-6-deoxy-6-demethyliGymethyiine-rogytetraeyelisycl i ne - 6, 12
- hem - ketal is dissolved in liquid hydrogen fluoride
(inaratio of 2 g./15 npeginisgt O[err] C. The nixt Mc/mirs i ntained at this
tem perature—for—10—1b—nutess—after—whi-eh the hydrogen
fluoride is evaporated off. The 50 rdsidue i @ triturated in
ether to obtain the sol 'ﬁxcﬂic&@lﬂ‘{:ﬁoga&&vaﬁaure&%‘ orog-g6 - gegxy - 6- 50
denet hyl - 6 - nethyl eneSt&bfoaﬁgﬁe yopgees as t he hydoggl uorbme.salt which is
recrystallized Ptococcus faeadlin met hanol . 0.39 0.6

Al ternatively, the cr ude%g&&%%]%? product (§80.) f954i ssolved in 350
m . of em,eng and Sﬁllﬁrl n91 O%m equal vol ume of
conc. HCl is added to t hEistediaaginocytogenes eno ution.1and t he product

crystallizes as the hydrﬁfg{i&fﬂ’@é sal t EI ement af-%nal y8i% of 55

the hydrochloride salt t nwa%ves the f 1§ owi ng pesul ts:
Cal cd. for: Streptococcus pyoganesas] H err] O ens ] N[ eorohd [err]; C,
53.11; H 4.56; N 5. 63; Miftwrisgeoemed8r. awens 209p 0.35°  ORBund:

C 52.62; H 4.63; N 5. &Ftutsegemge 6. 84, 120
Ch 12 0.78
995, 031 P:euglc‘:;;mga‘;oaerugxnosa lb% 3.12 I nfrared

anal ysis of the product Semdnkila ghidtunchl ori de salig. 5| n a KBs pellet at 1%

con- centrationS PNy | absorptlgj ?’% 'ﬁg [err] as well as
the followi ng significan esslclgﬂfum Baks: 6.1, 6;: §> % 6. 45 (shoul der),
6.91, 7.85 8.14, 8.55, Mg tiubke.and 10.89. o.19 ‘o5 oassay of the
product (K. pneunoni ae) Slhg;uassomm oxytetracycline3degtivi 95890f 50- 5

100 ncg/ ng. U travi ol ﬁ:heg?"%ﬂ“ i PGt t he sanpl 2®n 0. §€N net hanol - HJ
shows 5 TR 36 278 and 24g39l err b5 The product shows

an R err] value of from Bas@lertiia nfhltdidan tbasfol | 08 ng system
Mobi | e Phase Sarcina lutea | nmobi | e Phasg -
3 toluene - pyridine Streptococcus pgalactige 1y it f o (aqliddus) 10

saturated with pH 4.2 Antibiotic resistant strains of Micrococcus pyogenes var. aureus:

10 buf f er On anal ysi s of the papergram w t h
ultraviolet light, the pf8duct spot does not fIU’gresce 100 strongly.
However, on spraying wtjypagqueous sodi um hydrosukfite, ipy shows strong

- 20:

fl uorescence. 15 When the product is boiled in nethanolic - conc.
HCl m xture the unchange() = partial igbition product is recovered. Under the
sanme conditions, the starting conpound is converted to a conpound
presuned to be 1lawnenceﬁbkeo,t;zlv%t@&sra&yﬁbdaﬁ@1mkgnseg&otfm@aanm&% Wil re-
aqueous sodi Um hyduleswtrd bisevesti €ldSollogimg edbl mbriizaethe activity of the aforemen- 5
EXAMPLE VI || 20  tioned compounds of Tablg Jlzwhen feyteddp ¢% hgnan seqpssxy - 6 - denethyl - 6
- nmet hyl enetetracycline 20 MIC (meg/ml)
1 2

Micrococcus 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



11la - Fluorotetracycline - 6,12 - hem - ketal, 250 ng. is stirred in 2 nl.

of 63% aqueous perchloric acid. The SO|Id di ssol ved on warnming to
. xture is cooled and
water is added to obtain 11a - fluoro - 6 - de- oxy - 6 - denethyl

- 6 -nmethyl enetetracycline as the perchlorate salt. The product 25

shows the sane absorption on ultraviolet and infrared anal ysis as that of
Example XI. 25 EXAMPLE | X
11a - Chloro - 6 - deoxy - 6 - def#%®BY| - 6 - nmethylene - 5 - 11

oxyt et racyat jsRted that 7 - chloro - 6 - Béo¥E- B ABRaRA - a-lﬂiefhyl@rlgl Gy Séa

oxyt et r acy cldlimechas gawdrdn vithacntivite bgdinst eSlatgd(ﬂﬂﬁbeE 6f organisms thanxé,.tc el . of dry,

| i qui d hydrsy f‘qnlié‘rll-cfe' %@et}whé ﬂHFYTGtrEHYém?s stirred for 3.5 hours at ice-

30" 5 bayh kSRR G SEINAD IR TR Ao of |, by
war m ng unaé&acyalink lo¥ - Qkytetdcline against mﬁétfo Qn:i he pr “oduct as
t he hydr of Itlm)mlcd:ergm The PD,, (PD protecﬁﬁladose)l’ftxﬂtﬁe buyardm dvumpoﬁiﬂ product is

di ssol ved |a$F“}ﬁgs&°e‘ C%HHP rPyogenes var. aureg 11) griZmedked (709, is

added jgir op\&l4 gﬁ@&g ;’FFP‘WP%’D b&?r?:‘?ﬁh(i? 8te
salts respect rme rysent fh!yl Ic Bf sericrité 901 Rl KRGS oM acetbne

sol uti on ofulateth gint@5various rhqrmdre 4 phsmﬁdsua@m cenpsisitet theycompleind iiom of 47%
hydri odi ¢ :}rlaaceutlcally acceptable carrier erefore They are usefulyig hufman therapy, and

Al ter pat i valgrepd erpsudally jndeeds pr SRR SRS BPERRY RAPS 6- 7,50l unes of
wat er and i ceFanﬂmpemekﬁypmet ©uA 6ialdoRke mmrﬁréaa{ €NRehylnt QBhGcAG d

(concent ratlSe@ona@lldf) 2 g. per day for the a&@dneddlito The @gadpitt st &rhiigedr isopect i ve sal t.

Di | ution witHlesoE Ry sg qapaipipg frgp j iZQitn 330 me. of antbictiy am ay AGNOHPRE-ure fol | oned by

snons or tions In, Viriot: cles repargd havin conce tion: .
addi t pon Ofxsng i}’ {. €Porl JAfndH ﬁfM SiﬁtE ly ors :mtrg- ihe

hydri odi de v&ﬂhsly, ﬂﬁlﬂa1&| dbﬁEEElTrtﬂ Liced@tval. i &l 150 g. Shﬁx\ﬂﬁushbﬁ f&ﬁlllda@ws Bgh-val ues:
40 P@I selgjion§ pfy the | tlblptvc] gecencqn N[toesr ltailgq, drom] 0l o BP0 mE/mBI¢; H, 3.7; N,
4.6° C 5 tEgvenous adminiis : y means of isotonic solutions having antx tic ZF&““@" H 4.0 N,

! ! tion of about 1 . h,: alrenteral product are d?tjy dis
4.2; @, 5poned as solid comp ﬁsaﬁﬂ R 9% ¥Sd1iSin Q:W%f ?se, JLtQ}M ng nexi ma: 222,
270 and 37zngn1imma]n will indicate thel dbfsargaltceﬁlt aaaécy§b15a shouBr pmemm nal peaks at
3.05, 3.2, “gldgn spa édw@ 2 geneigll 8, 8.1, 8.9

v is § Eﬂff 32% I“f’ra@}jl P@j"tefvfgf%sl lé‘temé?ﬁélr%‘fis shovvs 45

and 9.1 mi gt oSt

maxi meo at 23/71n %ZQas@-BIdthﬁ?’ﬁ@ra ﬁ‘crall active tetracyclines, salts formed with pharma-
EXAMPLE X ceutically acceptable atidgand bedesi@r guitabl€ for adigioixtyation © a—hostelﬁsﬁlhyl - 6 -

able dosa ith ph il d
met hyl ene 5 e %%%‘g'lfr"iei Tgﬁg‘mi t& pﬁr”: an;%z(%bg ggﬂgnewéﬁmydﬁi%iialrrﬁem_angerlza_s

i n Exanpl e pﬁa @ of p epta
hem ksg al as t[‘Hfo w&fgteb:dh@le@@ﬁﬁgﬁr&n way of illustration of the preparation of the 35 50
EXAMPLE X| starting materials and products of this invention, 11a - Chloro - 6 -

Met hyl enet etracycl i ne AM;]'I}eI starting conmpound of Exanple VII is
di ssol ved in 94% sul f urjigg. ﬁgdrget(ﬁ;dme 6.12-her@l @ iNn 10 m .) and the mxture
allowed to stand sﬁsparnsxaa H RO rgs ofaktrab @ u&rua’ieﬁ“n g(othml. pir edi@boléddo 0°C. I S Obt ai ned as
the s#f f at é xided; 45 }(ﬁ)ﬁﬁui"?jgmv hfe}%hhsxdﬂw élYCirme “sletwer he\rgtam of #iethyl 55
et her an d l'ﬁzo vgslgtf 1d" a solutionl, the pH being approximatel Perchloryl fluoride is

b! hrough the stirred  solution (maintained der a nitrogen atmospher
995, 031 until the pH of the mixture approximates 7. A heavy precipitate starts to form b XAMPLE XI |
11la - Chl onween pB &anWtStShyTlermd:estpealel fluoede is flushed out with a stream of The pr oduct
of Ex#mpl e“’fﬁg‘*f‘ r"ov?f%i"at’%?h:n S ?ﬁf’f‘ ’%4 ‘ﬁ”’
phosphori c < niin@ (at 249 ol 346 AL intlarbl s dof tarb ditions as

descri bed Ib haﬂilcrons Biocassay dgainst K. pﬁéﬁ&ﬂﬂ)ﬂe&hows an activity of 8 mcg./mg.
on rhe tetracycline scale. Elemental analysis gives the following results: E)(AI\/PL E XlI1
50

5
Pr epatat i of2led: f"M feHaNOnE HeOsy 50 520, N, 5.83
1la - hal og- - met hyl enet eﬁh?:écf 519 N; 585, 11a - Chl oro

- 6 - deoxy - 6 - denmethyl - 6 Exmthyt enet etracycli ne hydrofl uoride

10 is disgol vedltglf’lwgg T aﬁﬁ?ﬁ%}gﬁkuﬁ%ﬂﬁ@d kgted to pH 5. The

resul §§ ng %lflggt is added 1 e u1va1er(i¥o ﬁﬁ\g@h‘ thﬂ;ﬁe eEﬂfeCI pé tates is
filtered a T chﬁu RinQkI Bre HEQUPéichﬂo?yl histide is bubbled in sol ved
in net hanolandcthmsmum 1l r@ilsmbdearAe@;}uﬂtremarmeumq’mmw phdippriede and the

hydr o- starts to form. The ex c;p(io sreay ofritregiie addi ti on of
red off wa=he o thano a ried’ under vacuum at room
et her 60 Thi gﬂﬁ*ﬁﬁﬁ Q(biﬂ?aﬁﬂ ﬂ? gscﬁl P le §§?als Infrared absorpnon shows no car- 60
bonyl absorptmn below 6 microns. Bmassay against K. pneumoniae shows an activity
of 4 mcg./mg. on the tetracycline scale. Ultraviolet absorption shows maxima at 265

,..a




prepared by the nethod of Exanple XI. OQther m neral acids may be
substituted for 15 hydrochloric acid in these procedures to
obt ai n—t.he rnrrncnnnrll ng salt 15

simlar procedures the hydrochlorrde hydrobronide, sul fate, hydri odi de,
nitrate, and phosphate salts of the 11la - halo - 6 - nethyl ene -

tetracyclines of the previ ous exanpl es are prepared.

In Ii ke manner, other salts are forned using a variety of acids, for
exanpl e, or- 12 gani c carboxylic ®6&pils such as tartari c, citric,
mal i c, benzoic, ¢ gl 1,C Lucont ul.o bl C Facetic
acid. The salts fL“}{aCS(g &} har mi'& %lslch Fﬂuowmg resumaf{e ﬁf‘é ¥ :”if'h ofthe

are useful for thealecpyb;r ChHaG,quhzmrarmgeHIEZQI INy 5-5 unaccept abl e aci ds

are useful in - Found: the pupifizcalli hs;ofN: e products and in the-
preparation gf pharnaceutically accept %}é salts. 5
25 - 11a - Chlorotetra: ﬁ-f— B ketal
25 Rt To a solution of 2.2 g. of anhydrous Petacicld emaj i Nof (mion@gmaq:(hle Xl
pr oduc t Ty methyl ether - oi;;thylenF g Q? ﬂ»sup-s
C ¢ mixture lS ailowe nute:
ggfﬁ?: . 103m . iﬁ.ﬁed%gl rk he product 873 mg, crystalhz riu:%? fe@gﬁ? ed 10
K

sodi uassdyyelres pd ocfruct 043TY) retradycli2d abtlvity of abdad £k
The m xture is aI bermerideo Islrfaq:ﬂdanﬁlws shéwsrmonaatbesyl hinds daweed énqndrﬁammoes, after
whi ch it rtsawglera?p’eerl Hepws ---__r;.f.-;q.- 4zttt ed with

but anol 7 Thel5bUt ano ok it wi dium hydrosulﬁte in aqueous duﬁe%‘mfgrﬁlt ed '3
obtai n t'he pl’OdUChmrdﬁat—rodﬁ&)ﬁpemtu tetrad @AY ik yegeneratd. - BioRéah ¥ @ Rbkibd AGY Cl | ne.
The product is crw¢$¢W%%?&;m%WW®5§$/M$?@%'E§%¢@$ " it is
crystallized as t € @g? Ppifaed Dy dissopving iy ipgxcess by
addi tion of concen‘ﬁmuf 81%«: 1) and freeze d E,? lrﬁl? On testing agi nst K

pneunoni ae, 2he product has an oxyt et r ameLs e actrvrty of at

| east 1100 ntg./ny. Gtﬁlﬁ eke@ﬂ 0.6.in the sarre
system as 3 -Ar imide, 3 Pg%nl of ?rlzhy é’;ﬁ (Kg Wﬂm gg%im | ows
the sol vent front whigh ldnenr 6tle ﬂ@ecﬁ)f@lbﬁdaﬂby 300 ml, ofhexane The e Phase
| mobi | e Pha%be formed is collected by filtratip@) :wash@t wifh hexahq aodrdriddane: I or of orm

pyri di ne gre ; W_ S, d@:%?gyss a - chlorotetracycline - 6,12 - hcxm ketal is

EXAMPLE XV PG he Procedure of Exanple XV repeated to
dechl orinate the correspondr ng 1lla- EARMPLE V chloro - 6 -
met hyl enet et acycl i nes to g dvilade- hlé’dlfomt@vwl <skewdhi ch corres-

pond to that of E>§§rr§}"§et§q‘ ;Er{fm'sg Yot g?g ne tad‘gjéé‘héjéq @nﬂ nf r &%d
anal ysi s is stirred for two nﬁ:@-ﬁ "hﬁ{uc\.“ rtue of

Nno maxi mum at or &abichutepdrates i1toliccan by :ﬁltra'non, water - washed and drled 7 InfraBﬂ @ﬁmysrs 6 -

G o 7% S erra e e oy

6 - denet hyl35- 6

nd 943 1 Bicassay of d
5 - Hydroxy - 6 - pawtmcycﬁne- 4dg. /mga - mlﬁryrfsenetaesrlr acyclprwnlect
EXAMPLE XVI
Met hyl enet et racycl i ne i salts of 11 - amPLE KT 1y ﬁﬁ; (?J;ta1250 . of the
Exanpl e VI WOdUCt lﬂtﬁlﬁapgaﬁs of tHe abo¥Ee ﬁ.y halo con¥pd %@L&%&Yﬂ ' %

hydr ochl ori de) angardby d@olw o thz Ifrlad:bdsd’lm]&ﬂteﬂf:ontaﬁ)ingaﬁ iudhRariatosit bf kydf- 50

15 minutes at rooesntchioneand frpezs - diying che reppliingtiolatiopd | of 5 % HCA is added. The
mxture is filtered H‘nﬂm’é"t‘ rf?sﬁ‘p'édalfﬁfa“’a@ﬁ’ﬂe&n‘@th s@“““%@t“ﬁ?f%‘i‘fe’c“@tﬂ*‘%&%”&‘h ne -
hydrochl ori de separates fromthe concentrated reaction

m xture and #s coll ect ed by filtrati onExampLE VII Thi s 45

procedure was repeat é?t‘, °r%r55 tdeesy g Q%ﬂh f olv é:l and 5 ni.
d d h

55 of acet Onﬂu ﬁs%gBT 7 rﬂ H The mu;:urel is rrfam}tguile?imat thyxs tem—

55 hﬁnutes, after which the hydrogen fluoride is evaporated off. The

6 - Methylenstetr ae@lslml if rreurdted in ether to obtain the solid produgtUlapgghlorgf- 6t-tigoxfEx rpl e 501 |

of acetone is ref Id?i‘%“éﬂl fbr methylensietracyetifg ay e hydrefivoride pplt, phich i reemapliingd

filtered, and con-™B 1°§’1‘,vae1‘pﬁratcrlfaaﬁ§hraﬂqorrabtpﬁour&kraeg)rrr didl%d’m 350 ml, of

60 H.O by warming and stirring. An equal volume of conc, HCl 3O&RId&3th the clear

15 55 solution and the product crystallizes as the hydrochloride salt. Elemental analysis of 55
the hydrochloride salt thus obtained gives the following results:
Caled. for:

C,.H,,0,N.Cl,; C, 53.11; H, 4.56; N, 5.63; chloride 7.13
Found: C, 52.62; H, 4.63; N, 5.54; chloride 6.84.



EXAMPLE XVI I | 6 - Methylenetetracycline
250 nmg. of the Exanple VIl product (1lla - chloro - 6 -

' = fluxed in 50 m . of
acetone for 24 hours. The m xture is cooled, 5 filtered clear, and
concentrated under reduced pressure to obtain the product as the 5
hydr ochl ori de salt. EXAMPLE XI X
The hydrochl ori de, hydrobrom de, sulfate, hydriodi de and phosphate salts of
t he 6 - nethyl enetetracycl 918381 are prepared according % the

met hods  des LA DG i k¥ the bduct as ATRYdRockibide salt lle¢ at 19 con-
10 centration nshc%;: carb((:nzgloal;or;:wn at)l"S ’;')5 ,ur;se\zill W %ws@a(tm /ﬁgzrxit The
sodi um sal t perks:66.1, 6128t 486| efetiduias \b (9[1|7rﬂ§ $ #, pﬁep&medo andi 16891 vi ng t he

tetra- g Bwasggg | i ro oemg;gggfgf mgé%}% v %ggv-ng val ent
gg?glnﬁ ?Lesmcﬁumm@a{,ﬁm 42 mp. The pmd ar?’| ot herﬁ 3—132(3' :I kglol ne
earth nmetal salts of the present new 6 - et hyI 15 ene conpounds

are prepared; inclu potassium i { cal cium
stront jgim and rragneg;ggf"“%ﬁ I’f’fi ﬁmqgfﬁ“ﬁ‘“r’an“""gs’sfashl on, ofgher salts

are fornmed using a \afirety of acids and bases for exarrpl e, organic
carboxylic ?ﬂCI ds sugg‘eas tarta}rhl ¢, clle}lr%g li c, ben20| c, glycollic, 20

gl uconi ¢, gy glysis of the papgreram wiph ultragiolet lig Yggﬁforgamc

(am nes) an tﬁﬁfl Howﬁﬁr’ on sphaying Sgi a%“%astssgsfum ?ﬁe"{% RS W th

phar mageut i cal Iwyzexr thaq;aﬂﬁdr adboiledatnl Bkghabdlic B a8®S HAX, @nixture the unchnﬁgﬁul f
t her apy; th@@éUWStrhCO preedr deruhd e copdigiens.cthepirtng ompgapdlis converts tgses are useful
in the puri F%'%fﬁ“g qudj;ﬁ t@@ﬁﬁg @{‘ 1| ’i"?\wf"l‘ilé"’blngﬁ’ﬁ?”ét“i‘ n of

phar maceut i e salts.

EXAMPLE XX ExaMprre VIII

25 A
suspen_?,q on of ?la ]igl%t tracyTﬁ;E}-?? gégggﬁi eta.l%h f % o& Q?‘}’fm l%RM ng

composi - plik id. The soli 456C. for 15

queous perchioric aci e solid dissolved on wa or 15 minutes
31.42 g. after which the mncture is ddof¥a AAURRY S5 B bfoﬁlun 11a - fluore - 6 - de-
714.29 g. 3fy - 6 - demethyl - 6 -me@ylpEirhqudipe 1iSRe perchlorate salt. The product

187. 3525 g. shows the same absorptiorgpp uliraviolet and infrared analys@jmharctg(ﬁxgnr(lq?g,b sol %ﬁ i on)

100. m. Pol yvigamlep Y% Ol i done
0.5 g. 11a - Chloro ~ 6 - dddki Y6 Padnithyidr m(.yh&n;a@at- - oxytetracycline
0.172 g. vae grams of 11a - chloro oY e soterayiling - hemiketal is added to Py opy!

ar ah OX %% l1qu1d hydrogen fluoride, and the rmxture 1s stlr rgxg .5 _hours at ice- 35
p y y empcrature The hydrogen ﬁug%dﬁ is eva ate oﬁI Fy eT(a flow of 30
(preser Vat I ¥ gen gas to obtain the product a ds dalt! d,
1. liter The crudeThydto rcBidS us)mernﬁsl dasaqlveuan m@ms auxiv\em ail palnd fl avouring
agents, as \ﬁki?fic aad (A% deil‘OPWlse to precegp! ﬁ"ﬁ?&% so% Ryed choi ce. The
SUspensy on CH T darL e T8 AT T o 0o P8 g ity
per i ter I Alternatively, the original reaction “mixture is dilured with 6—7 volumes of 40
EXAIVPLE XXI lwater and ice and perchlaris @tiditor mﬂl:hduﬁll)ezlﬁ sulfowist ahryll @we&fin%@tpchgny@l ine is

a egi salt ilution with g¢stone of the original
pr epgr ed- W tlzfgct%gﬁfb nntztt?rqe ‘Ffo ower}@by addition of HCI, precipitates the ydrmdng) saét 45
anti bl 9(} ¢ The hydriodide salt, on elemental analysis, shows the following values 40
Magnesi um clokied. ifele higkahpiliate C 43.7; H, 3.7; N, 46; C, 58 12, 36 g.
45 Found: 1an}ci)et hanopaMCheH 4.0 12\‘704;?“13;321 5.5.
Ultraviolet analysis shows 1 a mu.

8.85 nl. Infrared analysis shows #%Ywﬁa @lggg , 5.7, 6.02, 6.03, 6.22, 6.4, 6.88,
376 74, 7.8, 8.1, 89 and 9. f%ir@r's The perchlorate salt on ultravxolet aualysrs shows 45 _
94 . maxima at 23N @7G0HATAMA has a concentration of 50 ng./nm. and is
suitable for parenteral and 50 es%%gl ally for intranuscul ar

adm ni stration of
11a - Fluoro ~ 6 - deoxy deme't 1- 6 - methylene - 5 - oxytetra clin
EXAMPLE XX |p¥e ared in the same man rE@-Q' Bhmpas® ukifg Dfae-pﬂibﬁ %Iteﬁﬂdl ng the

f ol | owsng i n;gﬁ:edlsem Beniilatat 43 ghe pranipprompend. by wei ght i ndi cat &d.
Sucrose U.S. P. ExAMPLE XI 80.3 55
Tapi oca Starch 11a - Chloro - 6 - Meﬂlylene'tetracychne 13.2
35 The starting compound of Example VII is dissolved in 949 sulfuric acid (1
gram in 10 ml.) and the mixture allowed to stand for 2 hours at 10°C. The product
55 is obtained as the sulfate salt by pouring the mixture into several volumes of diethyl 58

cther and filtering.



Magnesi um st ear ate 6.5
Into this base there is blended sufficient 6 - nethylenetetracycline to

provide tablets containing 25,100 and 250 ng. of active ingredient.
16 995, 031

EXAMPLE XXI 'V A blend is prepared containing the foll ow ng

I ngredi ents:

G ans Cal ci um car bonat e USP

17.6 5 14 Di cal ci um phosphdt9&031

18.8 5 stumtrisilicate USP

5.2 Lact ose IHSFthloroEng%l%ﬁnetetracydme

5.2 The produat of Edample X1 is obtained as the phosphate salt by using 85%

5. 2 phosphonq\,ﬁgin\é dipy 9 sulfusig p¢id wndgr the same conditions as described in that -
0.8 10 3 Sxamplen hgnesi um st ear ai,e, B x >
0.35 10 Pre-E&aﬁohloSMﬂieﬁnﬂadl saig@fled sufficient 6 -

250 my. of activ yl - 6 - methylenetetracycline hydrofioride

Siaple 500" S MR R R I AT o
are intimtely msoled irnehah contaumn@d’ @blick dﬂ &G9@ogh alilEide kndakebydl ¢ aci d.
The ground, dr y mlmdaﬁ@t 4ss>reﬁlpilt4teelcbyu fhﬂt %Sldvlprapf ether 15‘1118 hydrochloridesslp psjalsp zed Wi t h

ethyl ene oxjd ¥ ac HSEN: . thers‘e\%%%?’ad- 5
m nistrati on suf ﬁ?dét; C ﬂ:‘,,;&% %ﬁé%;ﬁia}% ﬁ%dr;imtgnhmhgt [ onl

containing 10 ny mtrane, and phospmate |t of ke llragrleldl-em npaylenm-l tetrdcycli®s of the
The prgedix es 011“e S96(P“P”g§eds)(xvfare re eat ed v ther 6 - methyl -
FEneyet 1 acgy& e Db U LB S MR éaz@i ?éyggl,@% e, odid” M 20

p@tNg dosagss c or ic acid. The TsdM; sfiﬁ'med w1th pharmaceuucally - acceptable acids

VI are useful for therapy; those with phﬁmawmdbyy unacgeptablel eq:mtaqu/dlseful 6 -

met hyl enet et racy(‘,}rclﬂ‘}éﬁca“"“ of the products gqd dpy g tPFeptTation obpRgrmagTrticeimacephiforo - 6 -
deoxy - - Zgierrets?‘lu - 6 - nmethylene geagmg x1v t€tracycline hydrochlorigle in
500 m . of nonormnet hyI et her ofDeﬁilbgysﬁaa&eOfgixynﬁﬂé X product 25 cool ed
to 4[err]C. in ar%ih%; pradust ?fnﬂx s Ylé lsﬂiﬁsplr'@dmsimlu&tflw and @at ed With

509. o} T g SRS Yk WL IR about
10 m nutes. sahe tlteﬁnﬂfp U Gnethanol and extrhdn@Oichl Bitabdll €lHe n 'ﬂéf{ti'a@lgls | U1 Ofp

After addition i Senewp oectba;nmhgmduenperdactxwe— ¢thys - 6 - methylenetetracyfliaé.| . Af t er

a total reaction Tt‘qe "‘ﬁ‘é‘mz“?l cAjegna iteiel cogallizapiati e | tra- 30
tion and vvashed Vi fé ggm ‘f‘rﬁ y@@ﬂ&ﬂn&r gtdy to the
filtrate least uommegr/nq; peﬁelpa QHIR, Vhluddf108 BSthe Amy QfsteBVisS| ur3sy of
the zinc corrpl ex dekritiethén Bragwple XI, and follo“dmlctsollvslt frome g che fplldwing system: sol ution is

t hen adj usted toﬁ £§ Mth 10% aqueous sodi um Immobzﬂ crn(e)m de.

The resulting sl 0163 suhansd-eob@in-apamt 1.5 ol fmfeiembat h and

net hyl enetetracycline to prow i - {sél-elsﬂlyimtetracyclmes tainin 25 100, and

filtered. 35 The vvet cakelsthen slurrledln 750rr1 of water and
con. HCl is added dr a. cl ear solution is
obtai ned. A%lig ;ﬂméig

le XAV ding 11a- 40
e Yl r pe :E}?%gdeghgrgl Egé{ Tvl;t)h:l,ch gorrez-
l'i zation of 6 - K6 that ﬁﬁiﬂ@f( n ult Efka'réaeanalym

hydrochl ori de as shows a lack ofg:hrlbatybdbmﬁglomﬁsedne&f noAhdxBrumcht gmburon nfi@ns)one hour ,

the product is fIJ_ 24 nd drleg . The |elld of product is 37.8 g.
The prafugh el ts; iﬂ {Eﬁe‘zg%Z gt;?;;;,cﬁ e leﬁéﬁ%nélo position.
Oy 5 - Hydroxy - 6 - deoxy - 6 - demethyl - 6 - met behdycligeXVI |
Y/ 6 - denethyl - 6 - net hyI enetetracycline lla -

- deoxy - 6 - denet hyl %ﬂhmeﬁﬂycnet etracycline is also

A mixture of 250 mg. of the Example VII product (11a - chloro - 6 - methyl-
50 enetetracycline - hydrochloride) and 100 mg. of zinc in 10 ml. of acetone is stirred 50
for 15 minutes at room temperature, after which 5 ml. of 5%! HCl is added. The
mixture is filtered and stripped of acetone. 6 - methylenetetracycline - hydrochloride
separates from the concentrated reaction mixture and is collected by filtration.

This procedure was repeated using, as the solvent system, 5 ml. of HCl and 5 ml.
of acetone, with comparable results. 55

ExaMmrLE XVII

"g ethylenetetracycline
A 250 mg. of the.{Example V11 preduet-(iia—ehlore—§-—methylemctetracycine -
60

of acetone is refluxed for 2 hours, The reaction mixture is cooled, filtered, and con-
centrated to obtain the product, 60

L ondh oSO m% D”O Ko-darsn— ::A)M(LB i~ AEml



effectively dechlorinated to produce 6 - deoxy - 6 - denethyl - 6 -

nmet hyl enetetra- 45 cycline with the follow ng respective reagents:

4 .

Aqueous ferrous sulfate Sodi um f or mal dehyde sul f oxal ate
Hypophosphorous aci d and pal | adi um bl ack 50 I ron powder in

di met hyl f or mam de 50

Raney ni ckel in 50% agqueous acetic acid. As woul d be apparent
to those skilled in the art, the %8°9Inethyl enetetracyclines 13 and the

1la - chloro and fluoro - 6 - pRLLYL &REGetracyclines may be partially con-
verted to their C 4 epiners andemylemeyacgdingdi tions, particularly at pH's
bet ween 2 5}% rggo mg. af;dle @X@I"R&?i gﬁﬂps%i'(ﬁttg%l@}-w%}‘qtog Qasmgtbﬁgiﬂatr_acﬁgglt-i c acid. In
; . acetone for IS y
practisce, %ltéredwg?dﬁwng m@:&ttét{ uny re:%ucedt ressurg mﬂmgthe 'ﬁ‘)dg‘; S _thehal Os5- 6 -
mer hyl enet a;dr&ﬁmﬁﬁrelsm@.as I sol ated by Re pr ocedur es “de- scri bed
herein may contain sr;a_ldl armunt.EXAMI?iE.mX | ess than 20% " of their C 4
i - Qri I 5 1 n S
o ot - S ey 20 SR P RSGRE RS RS B2 2 1002 0o
17 “PETon. The C. 4 epi mexSepeORKai ned in the compounds of this
i nvention na%baesoﬂismlsa-t &fd6 - methylenetetrdeycline inprepanddy disslving tht @edar d pr ocedur es
c

such as by¢ Pm?,‘l’l"l ‘biﬁ‘ﬁjtar . “’&‘ﬁ . A i.g gg%? equivalent mo““b‘lflﬁ?i’ti‘E? hydrogide.r ent
Eﬁﬁw &ﬁé"%ué%‘é ol gﬁféﬁf}ém Bhe GreenBRly COMRGUNS Y

C

di st riguti
be reconvekteetbnipbunfin @ren@tpiRt; indldify @Gt porssidn)lRMilY, Pireacdnés wel | known to
the art, 5 strontium arffdgpageesi Ite, by treatnent with glacial acetic acid.
5 Ir} similar fashion, l.er sal(tis dre formed using a :ELE%: 1@ ;&9(\17 lqu, for

y Orga cids su tartaric, citric; ma ¢, glycollic,
6 - DROXY piabonte, AR fny of acetid Bk A ey otk orgald el ABY Goi-nE 20
Met hod A ganic bases. The saf® f@m&DWitH plafnsofutiGlly- acéptdbheciixarpbeeate X product (as
t he hydri odsefhdYorithprappShey with gharmaceutiegfly eiacqgpteblanarids oTbrso @Teceﬁ‘éi d (1 part
conc.  HO i;%ﬁggﬁg@og BrisBiepryduge s Retf PEPHPER £ darFmacticaly 2 g. of
zi nc ghust. ver stirring for Ifkmbfaukes, the zinc is filtered ogf, the
filtrate ad- A suspension ofjSUsth®itylehaetpiyelte & aapared witl the follolving dolmpdsiat anol . The

but anol extiPct is concentrated under reduced pressure to a
residue which is triturated with ether. The etheg;a,in- sol ubl e
residue is cryst _yh@aﬁs fortol et hanol - acetone 7n4gong. HO - ether to

obtai B the 15  Glycepreo®§€t as t he hydrochl ori de 187.#ormmet hanol at# (2.5 g.)
nel ting at 205[eg geaciq gl sefwion) 15 compd 5ti"fb‘n. U travi ol et
anal ysis in O. 0135%?&5%&,&&%‘” shows [err] 25 _-l'mérr] , E[err],
450 and [err] 345 npreewdtve)le[err] , 302; in 0.01N NaOH in nethanol, [err]
235 np%err], E[ erPrppyl parahydroxybenag®; [err] 254 nierr] 008 &rr] 408;39err] 385
mMerr], Eerr], até_@“?.st 1‘&?2[ rt] 280 njerr], Eferr] . 329; in 0.01IN
MpCl [err] in net anbih, [érr[240 nferr], Eerr] ' 4%?; [err] 277 merr],
E[err] 20 To this sGpénsiomIvakidue s o effavdurity egent], as 281R as acceptable
20 C9lv,rnfnwabe@daﬁ?n§d¢es heyTRsnsion coREsing apProsEtkcly 23 meeofemi- 6.2, 6. 37 and
6.87 M cr oRitic SHEY pergyliter. EShWSesgr val ue of 2000 to 2400 ncd ng. (K
pneunoni ae t UADRENrdf & 2mEtBylenvikttdycBitYis prepared with thé ellbwvasgy &bt as standard).
El ement al a&pml ysis of the product gives the follow ng val ues: C,
55.0; H, 5.2; N, 0io4 a, 7.0, OCHerr], 3.4. The3 zoduct shows Rf val ues
25 4 of 0 an ‘;‘j,{gn LAGRE GldaiRbye 1 N the fol | owgie éyst ens:
25 Monocthdablbdhige Phase 885 ml. | mMmobil e Phase
(1) 20: 3 tol uenkopylenygliedl ne saturated pH 4.2 bdf§ erg(aqueous)
wWith pH 4.2 buf f Bpe 24 ml
The solution has a concentration of 50 mg./ml. and is suitable for parenteral and
50 especially for intramuscular administration. 50

ExamrLE XXIII
A itablet base is prepared by blending the following ingredients in the proportion

by weight indicated.
Sucrose U.S.P. 80.3
55 Tapioca Starch 13.2 55
Magnesium stearate 6.5

Into this base there is blended sufficient 6 - methylenetetracycline to provide tablets
containing 25,100 and 250 mg. of active ingredient.



(2) 20: 10: 3 nitronethane, chloroform pH 3.5 buffer (aqueous) 30
pyridine saturated with

30 Ph 3 5 huffer Met hod B A mxture of 1
g. of the Exanple Xl Il 1la - chloro product in 10 m . of nethanol
containing 200 ng. of 5 % rhodi umon carbon is hydrogenated at room
tenperature and 35 1 atnosphere of hydrogen gas until an equi nol ar
anount of hydrogen is taken up (2- 35 hours). The catal yst is
filtered, the filétrate evaporated to drysessiand the residue

crystallized as 1 n Method A Amxture of 1

ExNi R Xk
g. of the Exanple Xl L‘\lblegxé-ﬁﬁfepﬁalc@ﬁtﬁniﬁ%ﬁﬁfﬁdgﬁhg%@iem:' of wat er 40 40

containing 1 g. of sodium hydrosulfite is stirred for 0.5 hours at room

tenperature. The m xture is then extracted with bufamol and the
but anol extract evapor a%@l‘é%g:p l&éﬁ%’ The product {&Scryallize
fromthe residue as in Mg isilicate USP Met hod D 52 Using the

procedure of Method A, L&mseUSRuoro - 6 - deoxy - 6 - denmethyt - 6 - 45 45
met hyl ene - 5 - oxyt etr% %iiﬁ*r;ﬁe _gerchl orate salt is reduced ¥» 6 - deoxy -

6 - de - met hyl - = [ ene - 5 - oxytetracycli

The crystall il%e hydrochll\%grni de. z{tgraflet anol ate product of this &xanple maymbe
re- crystTal this Aedd fsr gidedi s@ipieo panokthgae@raciiexy provide capsidaeddlyl - 6 -
net hyl ene - 5 - o%i}““—‘gmoo’a““””?‘ét"?%‘ffd?&“ﬂ@“‘lf?m‘@hl oride. The
recrystallized material shows the fol lgwng9 oepks on 50 50 infrared
anal ysi s: 30he thbushhd gAmODf 6. AdkerhyRnetliacybin® e HrtiSately -mded #d6. 7.8,

8.15, 8.26, &5, group with 2590 graps efscorbic acid. The dr6ung, dryl thixbie is fifled 330 einld 12. 15
M Cr ons. sterilized with ethyleng oxide and the vials sterilely stoppered. For intravenous ad-

ministration sufficient water is added to the vials to form a solution iR
995, 031 of active ingredient per milliliter, %E) 1 X

7,11a - Dichloro - 6 The gio@iytes-of Gxamplhe XXThy XXV fie repsaill Rijth @& 6 - Bethyl -

hydr oxyt et raé¥cl i Q‘Eﬂtemcydmes described in i pfeerding) examples to form oorresponding ddsage5 (. 200f
11a - chloro - 6 -"f&oxy - 6 - denethyl - 6 - nethylene - 5 - pxy -

5 tetracycline hydriodide in 15 pumefdviiqui d hydrogen fl uori de
cooled at ice bath tem 5 6-Deoxy-6-demethyl P&+ @dthileBetettagyciidded 1.5 g. of N -

chl or osucci nigi de., Tﬁef?’é"' “hﬁfi?ﬁ"tc‘;f Hagichleroe a@°°¥Yﬁb thyl - 6 - methylene -
temperature for T SR IR BC Dbl TE PR ey
addi tion of 500  zinc metal dust at a grafftal ra@f ov&tahRfiododd AbduL WOMBEET TRY tebripérhth@t | ON.
The crude product ™% @ %%]%F g] %ﬁglﬁ_héﬁm adé{'tiozr isgﬂm_lmle_tm&r &glt%arame tbgfxs
i nsol ubl e 1Q; - Al ot P Peldtinutesee 749 ' Y ERideiiran t h

: 3 d BE ot ]{S I TR 30
sctvared cafbon, £ Faletiall Wkast HEGL I e o R B
reduced pressure. dities foesdl pHRY theaditities thea ddpkeito BB with 108 aquéd loric

aci d - .%Gmu G ugt ngdigrtgc?%?taﬁouta%Sthhe hydr_OCQ o dﬁ?’ dre
crystallizes,, U trgyig gﬁﬁi’ég{ﬁ PR3 e °‘gsmi-%c‘gl UL filtgredet hapol
chovs Y e e e e e
and inflection 258117:@1,1 OE[G%{S rd]:ol,% 32§1_.- dpmghyl - ﬁ};ﬁlethyll]enei:(t)‘iaicyﬁﬁ%ldyMHbﬁtﬁI # shows
princi pal bands atsFEPe eSS o rcfepdigestificipropps hour, the product is filtereiband dried.

et hod s o oy o otd LR B THE R s 1 P giaan e docom
oxytetracycline - 6,12 - hem Egt al i sEsaeedXKVII 15 m . of

| i quid hydrogen fluorjde at 6i-d¥oxy -Batdtmattohper metytesetetAdytle stirring for 3.5
rours ot 1 .- bat SHEREN S R o pOgiup o, eptione ke ol 1o
after ¥ o iﬁlt&r}d%{vinahg;e&gggaééﬁg:g%t of LY H) o PEEUPEFH i de,to
obtain the product. 20 ) An alternative and
somewhat nore conveni enfauess Resayleyfiragion dceteip i s as fol | ows.

L)

After the renoval of nogdirtt TAE S iui-d hydrogen fluoride, 100 m. of water
i s added Hipdpholph@bus acidland @hilallieh bhckr Napht hal enesul foni c acid
i s added. Theo product phexopidr &tdisetigtformamide 50

Raney nickel in 509 aqueous acetic acid.

As would be apparent to those skilled in the art, the 6 - methylenetetracyclines
and the 1la - chloro and fluoro - 6 - methylenetetracyclines may be partially con-
verted to their C4 epimers under many conditions, particularly at pH’s between 2

55 and 6 and in such solvents as glacial acetic acid: In practice, 6 - methylenetetra- 55
cycline and 11a - halo - 6 - methylenetetracycline as isolated by the procedures de-
scribed herein may contain small amounts — ie. less than 209% — of their C4
epimers, 5 - Hydroxy - methylenetetracyclines are more resistant to C.4 epimeriza-



the [err] - naphthal enesulfonic acid salt and is collected by filtration.
A further method of work - up involves dilution of the

original reaction mxture—25— wth—6=7votunes of water and
is foll owed by dropw se addition of concentrated acid to
precipitate the perchlorate and [err] - naphthal ene sulfonate salts as
descri bed here- i nbefore. The crude perchlorate salt so

obt ai ned is crystallized as |ong _needles from i_ sopr opanol ,
which on ultraviolet analysis sh8%faxinmm at 260 and 377 n{dfr] and an

30 i NfloR C trin® €. 43pim B Qo iR i the compounds of this invention may be isolated

30 Infrar efcbnamadny&wsmgmmmpméesuratsu& s, byb pdper Bu@dBroghplySer 5. 88, 7.2, 7.85
and 8. 35 r@) gurrent distribution techniques. The essentially pure C.4 epi compounds may EXAMPLE
0K oo i by e i SR RO B HEBRY S Wy - 6 -

met hyl ene - 5 - oxytetracycrll Met hod A 35

To a sol ution of 0 5 g. of thEXAWIPllH 3XVIIfii chloro - 6 - deoxy - 6 - denethyl
- 6 - 35, 4 - Deoxy - 6 ndemeipyla §e methglene - 5 0¥ytrRcselive | i neper chl orate in 7.5
m. of water gys s@ﬂg&dofg 3 fhe ERfmple IX product (as the hyd%&ﬁ'de | pydposul fite and the
resuli$i ng diddetl hyeircikloricragid (1 gare dode. AN £5Spartd Bewd )P4 204C. is added 10

separ at es Zandf iz dugl IAéTGIt@lmnEgorflplntlmm,lthﬁnZlnCBf Eriscs:slaﬁ ¢ filrpre aﬂ}r oduct gives a
val ue of 3 to pH—0.8 and exwracte ” t[qg;’;tg N B aes f‘l‘{ﬁeb ric assay with

oxytetr aC%éII eﬁﬁ%sﬁtié;bﬁyum tﬂ!?l e ue nol acetone Eonc HCleEelaﬁr i)@?glﬁ ed]

40 15 product as the hiyirbdhloeldeB- monomethanolate (2.5 g) melting &\VEOSAC) withi devs of 15 he [err] -

napht hal engmsotié® nﬁ&@mﬁadnmy&fm 5N BICE i nRbnoP08RPL 8, d58 my, E1 %
suspended in 500 ) ‘{éet hanol containing 5 g. of S%r i um on car bon

and the 450 and A, x345 mu, E1 xt BF2einthPdN SyCH- e erbarel; 4‘11@63?1”@‘@#@ ature and 1
at nospher g fmt%g oggimegas. 4O§5§f7&t.,§§85fmr gl% 45339, and mﬁgé‘{ﬁt L gk& of 700 m . of

hydr ogen, t e T EACT] O Xt Ure e tEmed and t he £8 eva-. 45

por at ed tdZEtrin(m@&BMg@» mtmteetuaxml AL 2000, B {‘;lr,e5| dédd; 2277 mp, E 1c/fn’ A

met hapol i G 39 of the residue is then adjusted to §)H
withz?rietﬁ§ AT ﬁh 38 o}gto 33(1 8 %(r?loosggn col u%j1 cont ai A ng 2 kg
of cel - nirare a“““SS"WSPEI‘ jerongy ‘P‘B‘Hary phase. The
o o AR B LR P e R B B e o

45 m . fraﬁmson{s saoeH,cm wcLedl, 7o, 3. orrh@ﬁbaletrmowssmhaiucs 50
| oweds by %@WWF@M‘W@‘QFW@HWSXSW&&I ons 132 to 260 are pool &4,

evaporated to obile Phase dryner})@i bzlll H'med in ether and filtered to

give 2.74 @ 208 wdidhe HARARRAR NP ffer (aqueous) product .
The product with oM tmfidri zed by di ssol VI ng % in 40 m. of warm nethanol

and (25 8P: 10:3 niwqmethere ehlprofgzin t rpdk 3. Dbnilgi (\?%lscuégo mg. of the product as
t he é@rphoterf,gd@‘%g “ratF%fVF'hr ed 55 anal ysi s showd®t he
foll ow ng peaks 56 3.29, 3.42, 6.06, 6.18, 6.30, 6.58, 6.88,

7.19, 7.43Methbd’ O, 8.23, 9.06, 9. 88 10 63, 10.92, 11.55 and 11.76 m crons.

U travi oI et Amlx%re ofg g of the Examply j Has drgg%ngg:gfgtt ’mg @p\g g‘% hanln 0. 01N HO i n

et hgy m ?d/i Ci,llggl olaryamou t of hydrogen is ta 2 and %46 nferr]

(1 oge™ 4. Ozu)yur@n dTﬁkncata ﬂnan t&t il 40 eipbried 1d H9ges shd 9y resltm 0. 01N 60

NaCH i n netysaltist as lrradcrhmAat 234 mMerr] (loge 4.24), 253 nu (loge 4.22) and

389 8D ¢ 995, 031

19 m{iﬁfx{u}e 11008 fhe L‘%a)mp@cnﬁuﬁﬂla' NhioRGrddAd iRl B4t F& 1] %4, oge 4.07);

in 0491M I‘d@(ﬁluﬁxﬁgr §. of svdimRthidrosulfite is st1rre<ﬂﬂﬁ0d)5 hduRat foem admperdchrenTIRr I | oge 4.32);

349 nferr ]m tth Oted tii bgfﬁzle ‘g{;s %‘f& h@m@evayorated to dryness.| oge 4. 02).

The produch §‘f‘? %mfrﬁ “bf}bf" s} A n the indicated sol vent systens:

3) Method D Sol vent System

5 Rf Usiag the procedure of Method A, 11a - fipbi l6e dRhQASE - demethyl -6- 44 nobi | e

Phasd5 methylene - 5 (}ggetracychne perchlorate salt is re@gqqytp 6o deomm e6 de -
5 tetr: .

aqueous pm‘é‘lﬂé’ﬁ: 'én tallljr,len}?ydroc}?f(c)zxge aﬁ’r(r:l nolate product of this examp] )ED: rrélt ed with water

buf f er ( pHrythllized from isopropanol as 6 . deoxy - 6 - demethyl - 6 - methyle yl's 3-6)@'[-3-'[ €

Ml | vai negettaefling thydradhloride. The recrystallized material shows the following paksumat edsyvi t h wat er
pH 4: 50 infrared analysis:

3.1, 3.75, 6.02, 6.23, 6.36, 6.55, 6.9, 7.35, 7.6}9.8, 8.15, 8.26, 8.5, 9.27, 9.95, 10.55,

10.8, 11.53, 11,93 and 12.15 microns.




Bi oassay (K. pneunpbnia - oxytetracycline standard) gives a value of 6000

ncg/ ng. The crystalline perchlorate salt of the product of the
pr ecec-rg—exerpte—s—hydre———————genat ed—to—give—t-hi s—produect—whieh—+5s—
crystallized from met hanol and 70% perchloric acid. The perchlorate
salt of the product shows identical ultraviolet spectra to that 15 of

t he anphoteric base.

15 Met hod C This product is al so obtained by
reduction of theistarting conpound of Mt hesgos1 A with zinc and acid

rdin h r far —EX i L
according to t epvcecmeo anpeéjg bﬁ XIX
thyl =

EXAMPLE XXXI 20 ) a 1ol i thyl -
6 - methylene - 5 ;4%1;@ chmtgm% dﬁg"} 6 6~ nRthiylefl Y nydroByrétralRHHE

cycline Thé gpbfoldaletchlmrs pr yed aicmuhyﬂl- /g medlytehne- gxyedur es _of-

Met hod Asand, B tetracycligp hﬁ(ﬁl@q W gd;aémrwc@h s -5
QI‘*m m'de i rferﬁtg&é for 1.5 hours 11(1)5? § Stl onlcgf 500 7

br onosu
ml. of ether and recovered by filtration.

EXAMPLE 6y
- Brono - deoxy - T8e crudkepredubryib taker6upl ¢1@neoom t§m tthet inspbble| | ne
This product 1% obt"&fﬁ@eral flrersy oy tﬁ%g&'@:é f hydt%-

co
| f ced pressul:ﬁE sidue 1?? @gl up m. .£l mf:lgﬁ'q acl
sulfite treatment ﬁ&c{vl'u hloride, crystallizes. Ult‘r V\ﬂnng

conpoundsrﬁlre prepamﬁﬁmamaettheolelmw espondl ng,lla- hal o com 30 pounds
336 kno ®oedur esu DY) @i:{;lﬁeﬁmq.ﬁsﬁn@nﬁ% fandﬁmmhgssm éiﬁ%/ 324.

o ene
net hyl ene - 5 oxyt gﬁ%gag%y 'SShows*J’rH%aﬁ)ba?dsat” anxﬁgcfon%hl oro - 6 - deoxy -
6 - denmethyl - 6 - Mmtoh\yil ene - - oxyt etracycl i ne 7 - bronp - 1lla

oy e s” o e S S, T o o

1la-deshal o ceamooura u&xy,fthe ewelghtofN kR1FRS Ybta A HRLCorédu&C € u es.

EXAMPLE XXXI | | Anhlltanauvﬁnldomewhatgnore cmtment-me&od off@ak yip-is & folloghenet hyI
- 6 - methylene - B\Mer gy f most of the liquid hydrogen fluoride, 100 ml. of water is added

cycline 40 the 3.Cha E‘ﬂlen o i sa %“ﬁﬂ’é? ks Bt sty - 6

- methyl ene - 25 - oXyaefuftier methQi of work - up BYdNet BiRribmofAkk dHginalafacimahikGreaci das s
added 1 nml. of congcwth hlrn s, of'lﬁh@r mdxst fgll@ved by dropwise addlmnlwmebntr@edmm for

12 hours,—then evag} gf‘ fonch F \""F’Faslmf
m . of &tHel\ i s t hlipaphadyh per aﬁs"%@ i %@ ml%r .Efrégj"t and

s col %r. ) 30 | ediifedxoh)yt 2‘60InM at | on 45 SI m | arI y, the
correspQfidbAg 11a -Infrqredoanelysisohqyoe werdls 3tS'-7pp-Bfalbedl3S, 6.88, 7.2, 7.85 and 8.34 microns.
EXAMPLE XXXI V 9 - AmM NO g fBore $EEXY - 6 - denethyl - 6 -
nmet hyl ene - 5 - oxyt et rACHidr NE- deoxy - 6 - demethyl - 6 HerileRAUCoxRérabyiihe Pr €Vi OUS
exanple is hydrogemaetth:dA according to the reduct I on ‘gnocedures
preV| 01%&6y deseri bed 1}"@ syt 94 0t5kﬁe°f3‘;hc 741 mdichloreg- 6 - ey eﬁqt hyl 35
ehy

e in 7.5 ml of water 1s added 0.4
met hyl rosdﬁ%i?e gﬁgﬁ ure_stirred for 12 minutes. The product
50 separates and is collected by filtration. Bioasday<AiMitd prodit*ddves a value of 340011a -

Dichloro - 9 - nit myrg/mg® [K. deeongnise t@bimetje putyhyith oxy@trmwwdl@%lemcg/rﬁg)as
oxytetra - 40 the standard]. cycline
One gramof 7,11a -pmgig oro - 6 - deoxy - 6 - denethyl - 6 - nethylene - 5
- 55 oxyt et racycmwaﬁy layachs OF e @ § ephthslend issifoodta/@tl of theADevivhs exadhipladet i c
acid and 1 m . of cﬁé‘mﬂded 5500 ml of methigCfoptpining ﬁsi efdﬁ’/e}ghodﬁe‘&nmfhmﬂn%his
r 0! phere of hydrogen gas e
al lowed to stgpd f b% ‘qﬁ&f &aﬁ%%ﬁh" e ﬁ'éé"gﬁf BE filtered and the fitrate eva. 45
porated to dryness to obtam 15.4 g. of residue.
A methanolic solution of 11 g. of the residue is then adjusted to pH — 6.5
with triethylamine and passed onto an 8 x 100 cm. column containing 2 kg. of cel-
lulose powder using water as stationary phase. The column is eluted with ethyl acetate
50 saturated with water and 45 ml. fractions are collected. The elution pattern is fol- 50
lowed by paper chromatography and fractions 132 to 260 are pooled, evaporated to
dryness, slurried in ether and filtered to give 2.74 g. of pure amorphous amphoteric

product.
The product is crystallized by dissolving 1.6 g. in 40 ml. of warm methanol and
55 scratching. Filtration gives 890 mg. of the product as the amphoteric base. Infrared 55

analysis shows the following peaks: 2.96, 3.29, 342, 6.06, 6.18, 6.30, 6.58, 6.88,
7.19, 7.43, 7.70, 8.23, 9.06, 9.88, 10.63, 10.92 {1.55 and 11.76 microns. Ultraviolet
analyms shows the foIlowmg in 0.01N HCl in methanol, maxima at 247 mu (logs
4.28) and 346 mu (loge 4.02; and an inflection at 370 mu {loge 3.98); in 0.0IN
60 NaOH in methanol, maxima at 234 mu (loge 4.24), 253 mu (loge 4.22) and 389 60



20 995, 031 to [err] of the
original volunme. It is added dropwise to 200 m . of ether with stirring
at ice - bath tenperatdre.--Sti+rritnag—ts—continued—+or—3—hours and the solid

is then re- covered by filtration. The solid is slurried several
times in ether and then dried to obtain the product as the
hydrochl oride salt. 5 Usi ng the sane procedure, the foll ow ng
products are obtained fromcorrespond- 5 ing starting compounds:

7 - chloro - 1lla - quoro - 9 - ni1995g1)31 6 - deoxy - 6 - denetmw - 6 -
met hyl ene " 5 sapid@ - chloro -

racys
: (loge 419 and a %é Moge 4.0 061M zﬁ
9 - nitro -, 1, m 35'49 my%logs q)@i)lh houl
oxyt et r acyc (logaet.02).

10- 7 - Ththprodust shows| e follpving) R valueg) in. thyjindjcesed sofyent speoy - 6 - denet hyl
- 6 - thylene - 5 - oxytetr ¢l The products
are co%ert Ve@e 7 - brono apgsig praseh ?9%" ‘Slyﬂ%magmmge 6 - de- > oxy

- 6 - denethylo3s 6-net hyl eneethyl 5cetateoxyt et r acygleb i @hdsphatehe reducti on

procedures 15933  previ ousl b“ffer (pH—3)
15 The corrpoundgtu %tmﬁ elpal I yp i’ia“i‘eﬁb&tfef’ HC) or
cat al yfr cally (Rhodi um and rogen) reduced to 7 - chloro, and 7 -

bromo - 9 - Bhaisayq(K: pfEumonthe-Ookytetracfiline @dard) gives a valuerve 65099 Imcg/n. - net hyl ene - 5
- oxytetr acycl T hecrystalline perchlorate salt of the product of the precedmg example is hydrgEx AVPLE XXXV

20 gen; o8l }t]hrs rod talhmg Iul langjé(iéﬁf'rﬂlom _ net hyl ene
- 5 - gxyt etg?ﬁg pﬁc lor ep lcsao uta‘rl%n of 1.0 g of - chloro
- 6 - deoxmk}t Caderret hyI - 6 - rret hyl ene- 5 - oxyt etracycline
base in 8 € n dro quorrde F [err]C

i s added 22(},@' ngcﬁ,r ;;1?0 f@{ﬁwﬁ:ﬁ s A g’%jgr“\gﬁhm nutes at
Oferr]C. and t F~evapor at ed of under nitrogen. The residue is

slurried in dr et her fil teredFaMCPLQQXXI dri ed. The product shows the
fol | owthg R{er ¥ al Liferschior 1 he deody v@pﬂfi"‘%";‘z@’t ofrs MeRHFRaeroEre R0

Sol vent Syst eMrhe product is prepara[ @d&&r]lmg to the procedlYRDétl RetBRBAACand B

| mobi | e Phas Example XXXV using af) eghivalent amount of N - erdmpbuadiiihidé én pladeur at ed

aqueous phogpNatcklorosuccinimide. I— with water

buf f er ipH = 3) 73q;romo 6 - deoxy - Q 5 ethyl - 6 - methylen, -'} to&ﬁggwlﬁi@e tol ue?ﬁe

30 This product is obtained from the Example ﬁf & by the sodium hydro- buffer (pH =
3. 5) sulfite treatment described in Example X U travi ol et

| 0. gnding coy 7
AL 8?“8°;§‘YBS’FH‘ rr?emaeseiim?ﬁxmgkﬁ& e of |e® Than

100 ncg/ ny (7K-ch1315 112 - SRREUTDIRLE - ¢ Ukl 1L hictyla® S 3Yoxybtiabycineyt et racycl i ne
st andard). - iodo ~ 11a - chloro - 6 ~ deo@5- 6 - demethyl - 6 - methylene - 5 - oxytetracycline

EXAVPLE xxx%cg;om-lla fluoro - § -_deqyy - (S demsthy] 1 £ - megylepg vf o G2~ deoxy - 6 -
demethyl - 6“™methylene - 5 - oxy-
tetracygl i ne  These compounds are ddavedted® @l dHé todmRspoididd OQa-daghabdf cofpciddt by di ckd oro - 6

- deoxy - 6 the aftmementippéd proggdures4Q met hyl ene - 5 - oxytetracycline
perchlorate in 1.5 m. of anhy Msee kgiirfl hydrogen 40 fluoride
i s added 10Q1410 cniedo -KNOhi@6 Ls. - dERG 18 Xldheyll S6 Stethyi@d -3t - &f@kd-] C. for 15

m nut es, Tole then pour ed '”toﬁﬁ“"'&‘e‘mﬂﬁf 6|ce/ wat er a(r\d finally

tilter éQj TQechImp!n { of acenc an)m Ecﬁedds 1 ml orfyconc-tllgglgﬂte Sxxg?é% é%: ,Ve the
product. allowed stand for 12 hou , then eva aned to } of the ori L L 45 .

9 - Nitro - o, of m)xsythen Bxded. iw plrates BELHD Y tQResalr ahd s @kytetracycline
45 _ lected by figatgnm xt ur e of 500 ng of 6 - deoxy - 6 - denethyl - 6 -
met hyl #he - 5 Siggdy, the corresponding(l g4 figes compaqendiiyPrPasd-ni  of anhydrous® i qui d
hydr ogen f1 uorl de is added 100 BHmpf xXXIV KN err]. The m xture is

stirred at 15[ eror-]Amind -0 - dd6ky A6 A ddn@thylared sicliglanee\sa ponaigdint o dry-

ness. The resi Eheprp@ctsqfuhem vEpus Wa'el’lherhymnmidl Cerf@t!g 1locﬂleoflg‘i o the crude
produc% V\/m Iﬁfe"é"“? t‘e PR the B - aiferctis 61 dFReEPEd an
extractfed wt Hl ano anol 50 ext ract i s concentrated

to obtain the product vvhr ch |s Eporys KAXVi sed fromwater with
hydr ochl or i d>13¢+ Bichloro - 9 - nitro - 6 - deoxy - 6 - demethy! - 6 methylene - 5 - oxytetragX ANPLE XXX| X

Nitration of 133 zaghiohf - dléuom Al -6 - “deHGHFL WY meehyfine - gRENYI ENE - 5 -

oxytetsa - E}Eerracyclme hydrochloride is dissolved in 20 ml. of acetic acid and' 1 ml. oﬁb’cﬁl: Ine s5
55 HNO, is added. The mixture is allowed to stand for 12 hours and then concentrated



A solution of 5g. of lla - chlorotetracycline - 6,12 - hem ketal in 10 nl.

of an- hydr ous hydrogen fluoride is allowed to stand for 15
mnutes after which 1.2 g of e

995, 031 21 KN err] is
added with stirring. Stirring is continued for one hour at ice bath

t enper a- ture and the mxture is then added to 200 m. of dry
ether, filtered and washed with ether to obtain 6.1 g. of crude
product . 20 Four grams of thkes,8tude product is slurried in 60 nm.

of water and T d | LT he
crystal i ne-prectth FaPh e 11 S e T Al b P b Wi Blernd T o

precipitate diss y fillBgbn\WaliR solid i rdﬁmledmlvealprmdmhe( indathgz Jriedgo 11a -

chl or o- Bbtain the preguct as Ghe-hyddeshioridgydlt. - nitr -
tetracycliné hydt ocH?"Eﬁr‘ihgj é“;lgngg"f‘ﬁlé‘e’ the%wm%f"’é‘?“ ﬁ f¥°éﬁ‘ R >
concentrated to OBtEIAS £ %p . of a nitro conpound whi ch i's i soneric

wi th the af or enent-igleed 1pxoﬂlumt 9 - #ifto - 6 - deoxy - 6 - demethyl - 6 - methylene - 5 -
EXAMPLE XL oxytetracycline )

Chloro - 9 - ani @Qﬁi’ﬁ'ﬁ@cﬂ Lgad¥y- %6 nitro et - & %emethhet% yPaEme -5
oxytetracycl ne 77 Gior - 11a - fuof- @ §ith Ulsi-QRox- 61. déRettl - - etyleai k0 - 9 -
nitro - 6 - deoxyxy{euﬁcyetmderret hyI - 6 - met hyI ene - 5 -
oxyretracycline di s d 7 wa of n&QNG _ |G 1S
cdded 13 0. of % o £, fzﬁ?&m N adat s, the
m xture is sIQfe@ﬂbedIhe pH adj ustedto 5andthe mxture|315
extracted wi t h (5 xTBOcqmipognds Tﬂaeheﬁ![@ly (Zn in dil. H Dahﬁ*}talléﬂl

- de'-
concentration gi %"EF@U" f -tchlaropgng ‘t‘°”€°as aEnyar ScHITGY-
Bi oassay (K. pne ae)mc:’iylene ’a °’\‘/Vﬂtga%’ o? 1680 ntg./ny. U traV| ol et
analysis in 0. 01N MeOH HO shEowsLe®XKWhR at 262 and 348 mjerr]; in

0. 01N MeOH hgOH, 7 - Chloro - 9zedtr<a~rﬁr<t§gd ﬁL hyl Ay methylene - 5 - °"YF‘}’i’@ﬁﬁ"6duct Zhows

Tio lution of 1.0 - deoxy - 6 - demethyl - 6 - methylenc-
Rlerr] values as f_O ) (Z\t,l@yclme J 1I§ 8 ml. of an‘uydrous hﬂuld hydrogen fluoride (HF) at 0°C. 20

Sol vent System i added 220 mg. o @J’O’,] The mixture is sti 1 8 dia@sscar 0°C, and the
| obi | e Phase  HF evaporated off @nd@r nitrogen. The residue dst qteda@ dryzsthsr, Siliered ?ﬂded

Aqueous buf ber dried. The product(yhoyss the following R, valuewn etné?ystems indicated :

(pH=3) 25 ni tr opghheysen chl orof orm

Ml | vai nes' pH R, Mobile Phase 25 Immeobile Phase: Gy
pyridine (20: 10: 3p2 3. Shybeﬁtta‘t@raturated aqueous ggfpgﬂbroduct '
obtained directly b educt i on™; g us sod S(I,H.m.b
sulfite) of ® - mitdd . 7 11a {“d“e hq&g%“%’? 6 - degny H 5.5 Uerethyl - B -
oxytetra - cycline. 3@o:10: 3)

EXAMPLE XLI

o Rt AT S BT =l

Thi's product Mmle& hxﬁ@tﬁﬁcﬁﬂpon |ng -

w th sodi umaﬁydrosul fite or SndC [err in drochl oric acid.

EXAMPLE XLII 35 1la - e thyI - 6-

chl or onet hyl enet et racy&PT A - dl‘%'gm' - ig;‘,icygm?emr“d? 8<Ymet y(isenee gf E';!%

the Exanple VI prodped sdivtion 5f 600.mg0sf 711k £ ldichio@acet ﬂ@xy 6 - demethyt - b 4 s added

350 ng. of Ng- chihohdsuedi mmet;i@yc‘amdpetﬂhemm intLr ml. Pfsaqhtdsg'igﬁ B’@ﬁé"r ] C40
lS

£

Ef ycllne

i ro conpsund

>%

d d tinpad
After about 3 houfiur itulﬁ ‘ﬁﬁ‘%@%‘r‘ é}?ﬁ?ﬂ%ﬁ{‘ﬁﬁéﬁﬁ?fﬁ%f ratm’l’he
cool ed m xture todryness b $ive g,g er W th
stirring at ice - bath tenperature. After stlrrlng for 3 hours, the
preci pitated product |s filtered, tv@@él’ %@f et her and

oriedo obuwn'1 0. S Miplede, " GRS sl ved
300 m. of hot mﬁet} rﬁr&&nﬁy@mﬁﬁ x{;cxcu‘h)%roﬁgmflﬁtlonde is added WOTGMYITof Of

i nsol ubl e materi at\Na)dehombmmet isatimd 4 05°L. mlmrmemmfs amamvapoiﬁrpéno gryrd |

of p - tol uenesul fl |Eg‘eareilﬂeéﬁ%%%ﬁ%i&d‘h?rr?“hﬂ“m" t S IR mi xtyre

permitted 45% Al tl’d%ﬁr“f‘po Anfliras s éﬁ‘l‘tr’“fd o] B rhlvmtmm is

conpl eted. The pr b&ﬂoﬂc&cnﬁ - tai ned as the p - toluene -
sul fonate salt by filtering the precréorta Sex mshr ng with

Nitration of 11a - chloro - 6 - deoxy - 6 - demethyl - 6 - methylene - 5 - oxytetra -
55 cycline 55
A solution of 5g. of 1la - chlorotetracyclme - 6,12 - hemiketal in 10 ml. of an- o

hydrous hydrogen fluoride is allowed to stand for 15 minutes after which 1.2 g. of




met hanol and dri ed. Infrared anal ysis of the product shows a

clear sharp curve with a band of 5.69[err]. U traviol et
anatyst- 0 ‘merr].
50 El emrental analysis gives the follow ng results:

Cal cd. for: Cerr]Herr]err]Nerr]C[err]S (as the p -

tol uenesul fonate salt): C, 52. 18 H 4. 2; N, 4.2, d, 10.6, S, 4.8
55 Found: C, 51.8; gobot- 30 N 4.3, 4, 10.3; S 214. 8

EXAMPL methyl - 6 -

br onoet hy§N¥Mwds eddedawigicstitging.  Stirring is continued fpryong heiryat ige ba%rfmnerg of the
Exanpl e Vlefgz ﬁ dob ngfg"“i“'ﬁ ‘Séfb““ ded 5p 200k pf ¥ Gerefilfeged and washed

1 f iduc
995, 031 Four grams of A% cidd oA HurfedSiRlob! bl QF witbr Md 540119k conef *bromine in 10

m . of acéidics added wulrh;ening X T @rystalline precipitate id ﬁltevﬂ wee atvasHd| err [5- 60[ err] C.
for one thﬁft Arperciphy lr'%)weT}‘le vegtes bfecﬂfodll 13g - chioro- room
et

termeratunﬁter"ﬁfé&mgs i‘é” g Hof’li “ i ¥up as in the
pre- isomeric with nqub&n@m{mpa,du 'S cr sta |ze om nmet hanol as the p -
t ol u?nesul fate salt (3.54

5 At 2yl glgt %ﬁ ewggq ' Tl DN TR DAN0L i, HOI *Shovs

maxi ma_at 2-4% Oéﬁglur?bﬁf 142 of 7 - n ftdo-- 6 - ciaoxy 6 - demethy! - 6 -

EXAMPLE XlgheMiylene - 5 - oxytetracy 1ssol 105(Dml' oigwa‘ter AOIBIL of &nc, HEEGXY - 6 -

denet hyI -ad@d-1.3g. mfrr;metdhsylvethetnemg acyCli nifter 15 rrﬂu@wes, the mixture isTO a m xture of

280 my. offil jysted) e (?|>fl3% tic
acid is acﬁ&?ﬁw ngfe tmfg gieiz%gr‘ﬁ%@@fnﬁ fﬁ%‘;ﬁ% in 10 m . of

acetic aciohiN McOH—HCI shows Aa:maytyzseraﬁmgﬂ xmz erﬁrommaM)H-oNﬂml n the m xture,
which is t%emddtt mred and warmed at 60[err]C. for 2 hours. The
mxtdfe is t HénPafurchen R wletaffioror 48 hours and the product

(287 ng.) then obtained by work -sip, Wb, ether as previously described.

The product R, 15 MsbzzePyaSet al | i zed™ asrtdwdilsbhdeat e salt by dissolving in
5 m. of net H%nol and ot m% sgepd 15 %?egébuﬁer of conc.

H erd SO err th hH)lrJfJJ@lVI ol gtnsnal ygi s of the proggct in

0. 01N net hanol i c HCI sn‘}‘g}m" aneh%a?,ar 3.5 buffer ¥ 251 and 384 njerr].
EXAMPLE XLV 11a - Dichloro - 6 - deog 6 - denethyl -
6 - chl or onefl ' oduct i s

J‘}%I ?]gg dgie y reduction (with aqueous sodltpﬁ ih

pr epar ed i&%ﬁg ngnitrS the® priocddur e 3f°%arrp?e§w§2ﬁ|'l py* {i$Png
two B@l ar- equival ents of N - cBkaOSNLLI ni m de. 30

EXAMPLE XLVI _9- Ammo 6 - deoxy - 6 - dededthyly ft ‘reethyleoc-eltipxpeiragiclitehe pr evi ous

exanpl es, wulﬂg Y osuhgfg@% m‘@ﬁrf on g the correspgnding H&P SR cor respondi ng
11a - hal d chloro cor b B deoxy - 6 - 25

denet hyl enet et racycl i ne st artr mmmpmmnds 7,1la - dichloro -
6 - &koxy - @ lladéhlerorggl- dﬁoxg WF'&}YIQ teeﬁttﬂrﬂa@ ul; ine 35 7 -
bromo - 13:@& is Qﬂcﬁgﬁ @f%\l uccinithide a are s c@tﬁi at 60°C.

chl or onet W Eﬂﬁﬁteﬁlﬁoaﬁ,yﬁi WiX@ire nges a negative KI/s @st T Ohure 6 - deoxy - 6 -
denet hyl -is &lded BropwiwnetAY mdneteelt redhery with srering at i@0- bath temperarwrehl oro - 1la -

fluodd - @frr qiwg R for & houry gg% 1P P“atedepf"d”é‘h isoflEstees Hyeedetiet iacychd ne 30

cther, tam lg
7 - brono - prod&,?r| sQisSbived® i 308GQX Y hot ﬁiethangeﬁfe}éam) remo@e a sdlaq)ldo
met hy| enetagnind @y GhdlubR material and concentrated to a volume of 100 ml. Then 3 ml

EXANMPLE XLo¥/p|- toluenesulfomc acid dissolved] ingmetha@H |isprdded- an@ the mixtu pergugixy - -

derref*?ryl to ?H;}'P fe H?; : Ef%tﬁll rpa p%auon is completed. The productys tur é) of 1 g. of
t he Exarrplflaétﬁglﬁargr i E Jlt Y feiahcere"t’% theé’rwa'tcorﬁasa{?nﬁr E%];X 35 1
m . of conc. mﬂH@eanai)]sxs IOSthalpfodmdloﬁVOa sltaa Rithrf Give bathhdidfidsofafdeger whi ch t he

addi tjon of 2gravigist analysis in 0.0IN megpanclist H{f showp @pagimps24d| #ndz88 t he product as

the M trat™® salbos TRGsPLATUE boubomsQldgCt €d by
Calcd. for:
CzoH2: 04 NCLS (as the p ~ toluenesulfonate salt): C, 52.18; H, 4.2;
N, 4.2; Cl, 106, S, 4.8
55 Pound 55
C, 518 ; H, 43; N, 43; Cl, 103; S, 48

ExampLE XLIII
11a - Chiloro - 6 - deoxy - 6 - demethyl - 6 - bromomethylenetetracycline
To a mixture of 4 8 g. of the Example VII product in 40 ml. of trifluoroacetic



filtration water - washed and dri ed.

EXAMPLE XLVI I | 1la - Chloro - 6 - deoxy - 6 - denethyl
- 6 - pi-roRetRyeRetetracyeHne— - 40—

VIl product is heated in slurry in 20 m. of 5% 40

aqueous nitric acid at 60[err]C. with stirring. The product crystallizes
fromthe reaction solution as the nitrate salt and is

col l ected by Jbiltration followed by Vg8 h31- washi ng : and

dryi ng. EXAMPEE X 45

9,11a - Dichloro _ac;g 1saddglm( lutiongof 0.5¢ enreof hsginine ing10.ml. of acetic acid. The mixture

X 5P
nf L1 omethy! enet et AR T zr#ﬁ St s st TGS Rl o ned
fromthat of the pigY rﬁta{h‘a ed GO fnbthaAbl! zQ eUS L RJuenesulfate salt (3.54

AQlll}

procedure of FExanp)e XLI

EXAMPLE L Ultraviple, analygip i P 81N mgthanofi #Gh shows maxiga 49 28l 37%enet hy|
- 6 - chloronet hyl®hetetracycline ExRlleiE XLIV This product is

obt ai ned from that119f ChxRNBl Eorafho\ d - L¥xyt-NE- GelhkiByli- Batbrdidmpihdenetettddycline

cedure of Exaepl e XLITo.a mixture of 280 mg. of the Example VII product in 5 ml. of trifluorcacetic 10

id is added 1.05 5 é:
EXAMPLE LI A heas aorfln recqbngfce fgq Q;lgxh% Wbe% lit?mof %ﬁ'ﬁﬁd I X and
L the follaow ng pr&&ﬁt‘% ﬁf . The mixture is then allon

1la-halo nitro cormmmgbsth&yobtatm&i B age tp’ﬁﬂiﬁtheEﬁ@éplfﬂ? otisly descnbeBS The prodak X

55 : - 15 lgcwst@rm the stilfage salt bh iggolping ing ml. efeepshyanal agl addld@ﬁé("?ﬁ/l -1%5 -

ni tromet hyl enet et ré4é 9. 0,00 theBiarond BRI shold HOES

deoxy - 6 - denet hzgllgjg fff,f, nad'rsrlts)r?fe hﬁffoéiﬁcétrétracyc? im}?é she 2 o 7 lla

dichloro - 6 - deoxy - denet hyl - Gxameoe KEWNet hyl enet et racycli ne

995, 031 20 ’I?hlla 0Izlchlom 6- dgoxy 6- de:methzg- ::ihloror?eéhylcnetetrac%i: éxe 20
uct 1 repared acCor T ure X%f%;) y us:

EXAVPLE LI | mollas I(::’;mvalenisrc’)f pN chlorosus mmu CP (§e 6 - |1ﬁ3}[(% L%g

chl or onet hyl enet etracyc ne To 1 nole of the Exanpl e XLI |

product in 25 m of nethanol is added EJ(A@P L‘r/'ﬁlﬂ he ol of 5% r hodi um on

carbon. The.nixture i%i DEpEsd aese of sqfhe P%@” re apd

one at nBsphere of m&g}g%zg” mﬁf’f‘nﬁ; rorg‘;né10 |s "8 T 29

up:: A-ge.,r fil t’ﬁ[llang1cﬁl3§rf)-ahﬂbo£)a-t6a|dyrﬁ thyl M&hMylamnrswamaporat ed to

dr yness “Lfi r edu¢ edjromo - 11a - Chloro 6 1§ edenfFipgl + %eryrequhe@ in

ether filter eag and;&%ﬂﬂm?f %E%ﬁﬂ)dgje rfg“f‘f‘eg yle%iﬁ:{}]gg& ks ng

this procedure, the.i oowmgqu&sm@u 2§ € dpheRar ed aigépond-

Ing 1lla - halo conpounds descrlbed |n revi ous exanples I S obvi ous that
nitro a9r Y - eo};@ Gdfﬁemethﬁorgp met Isénetetr Qm

reacti On neces o the JE ample VII uct in ZOtnh mg ing

hydr ogen. 1 ml. of omg aliowad 1o RIS NY hours Brer wbiElOﬂEmRﬁ dloeD® 35
tetracycline ml. of H20 cafstalh:b:s orpredud as tlderm'@y: salt.6 The gdrodust fyydollecteds by

br omoret hyl enet et r BlggHop j"pier - washed anddried. 9 . chjoro - 6 - deoxy - 6 -

demet hyl - 6 - chl oronet hyl enet et racyaghid®s xrvinld 7 - chloro - 6 -

deoxy - 6 - denethyl - fia- Chlbdookoa®kyyd edemtilF &€ yiabhduelenetetracycline
7 - bronp - 640 deoxyOme gam off aepEaam Ple-VIBProdeqﬁllsoh o tith Pf@héltéQFIh A% ne 40

id ith t "Thy Ot cry lllze f
7 - chloro - 6 - dg;qf%?s i eagt gt%&%lf i scclyl ctged byeﬁi)trratllcl)n followe‘é l:fy er % 6 -
denethyl - 6 - am enet etracycf’ mno -
deoxy - 6 - denethy I - chI ororreth EmtleKLEX:ycl I ne
amno-6-d@oxy-6 6dX¥ ﬁ% ?‘%}ﬂ 45

r uct tal t at € ( S €X mpe rmatlon usmg

20 the ﬂ of E;émple gféé%}‘ (?é ﬁal lg
am nonet hyl enet et racycline Exmm.a IWHAT V\E CLAIMIS: -
1. A conpound of stitaucChiere- V- Imtmr 6 degxy s@t dmrlwh6ﬂcltl¢1@nﬁ§pbaqt¢m@dtnr= on
her eof . 50 This pm?.lcr %g{cyn thar60f er@%g(,[rvp by tBe chlorination pro- 50
met hyl enet et r acycl F & of Examply L 3. 7 - Chloro - 6 - deoxy - 6 -
denmethyl - 6 - nethylenetetracycline. ExamprLe LI25 4. 7 -

Chloro - 5 - hydroxy EmpoyinggboRegcedurg of E?W X ang5 L _the following products are
obtajned from corresponding lla halo nitro compounds by the procedure of Example
met hyl enet et r§5cycl 5&?,{' 55

9 - bromo - 11a - chlore - 6 - deoxy - 6 - demethyl - 6 - nitromethylenetetracycline
9 . nitro - 11a - fluora - 6 - deoxy - 6 - demethyl - 6 - bromomethylenetetracycline
7,11a - dichloro - 6 - deoxy - 6 - demethyl - 6 - nitromethylenetetracycline



5. 5 - hydroxy - 6 - - 6 - denethyl - 6 - nethylenetetracycline.

6. 9 - amno - 5 - hyfdtoxy'y 6 - deoxy - 6 - denethyl - 6 - nethylenetetra-
cycline. ’ 30 > 7. 7 - Chloro ‘995902‘1 amno - 5 - hydroxy - 6,5
deoxy - 6 - de - HRre———

8. Salts of conpounds of any of clai ms EXAWWL aci ds or bases

9. A process for the pgmfeﬁgi ﬁ( 18X {Eﬂﬁf@ﬁéﬁ?%%&ﬁl

structure Xm of 5% rhodiumQdn cXdbo il Hu ydr 8fithl af oM renh. €DV ng
hal ogen ftom % he 1ﬁ_@amre pms pdei @mospfere of hydf})@cn gas un@lnl foi@le-of lhadrogen 16taken 5
met hyl enet et r aéycl Wﬁ tnfsw’ tther elm Yhe sqhvon iy evapqratec |dr¥m:sw<l

Cherein HL A v B n

hal ogen I S r em)vedmpylzt r aab Icﬂﬁbounds detcnbed in pre les. ha{sQ)bvmt@ that nitro

net hyl enet et ridcycl dompomdsaart redured onpaion compotnkds acthie oragrio,| thigs| riecessitating more 10
metal hydy osul i t ehan 1 mmolgef bydrogen. 11. A process according to claim9 ui’;’f“.
wher ei n.t'he hal 0geg. desxy'- %mvtﬁgh@y6tﬁr§xﬂ&%{}knetﬁoacychne Wi th zinc in\eidy

t he presence of a g)ﬂﬁbmdn- @ty.- 6 - demethyl - 6 - bromomethyledetradicliaé oOcess accor di ng W74
n

T - p tracycli
to claim9 wherei rha _odgoegy%%rdéﬂgiﬁég ‘%éhb ihylenetetracycline

15

hydr ogenol ysi b deo to claim 11
V\herel n the protomd&iﬁ 3_&15@23 acl 1 6_ TPTAY .
45 . 6 - ﬂﬁbxywmememys 6aeued nttmacsicmem 12 vvherel n ha ogen |s
renpVied:by caoptact]m - deoxy - 6 - 1 % t h hydrogen o

. % mo 6 - deox f dem - brom met tetracycline
a 1 net al” cat af y§ %\Ta 1 6- mnomethyle Q},&fﬁg or a palladiu

; g A process according to any one of clains
12, , wherein h @h&@éﬁ“ls — 50 is carried out a terrperature
rangi'ng fromoO[err] C j%f%r"ﬁj;@mﬁrﬁﬁﬁf §§%§§gp§h5‘f’ﬁ§“ﬁ?€% hersf:

at nospheric t® supera,wm@ |5cd9,5;§a F 25
16. A process accor di4n@ - Cbloanys -Oliyéro®f - €} ddorss- ©- deﬁxew;lerﬁemmtttyh&tm@cﬁne ng com

pound is 1la - fl ucrc§ r hyfigosy = 601*% - ~degethyl g oRpsth Yl“ﬂetetfa‘-’ffgﬁ?e

met hyl ene - cycing, . B2 Byt ?’E"a’éyc‘sl |h68xyan 1B 6 fne’rhéle’ﬁtem deoxy -
6 - denethyl 38 6 - rre;thyl(mmea 9 Samino - 5 - HPdroxy - 6-0déy>1yet6'-3d'é¥1€thiln$ methyl- 30
55 enetetfagyclink. pr ocess accor di n%_to any one of clains 9-15

of compounds of any of ¢laj
wherein the starting 90%1@ prepaéanoH of meE?‘?eneten'acyc]ffne of structurelell
step 'of By logen from the 11a - position of

Chloro - 6 - deoXYorxBherones BV o
tetracycline3and tdmellpr—dﬂhcté i ﬁletﬁylened&ﬂjjglme oﬁmcdemnhw V¥, W, VIII, IX or 35

met hyl enet et racycl ¥ el“%a Ifél"cﬁéfct’ fj‘ %Q gwhm rohcz:!%gs accordl ng to any one
of clainms 9-15 whegei; jﬁ é’l E@{“ ¢ ha‘oge ved

dichloro - 6 - dedxgamy&osulﬁderre g a\‘Cydlrrj?éc ?1 & compmgg)w ﬂmt‘sr

cycline and #he produdt Aipgocéss accqr&uhg)tooclaam@ whedmakeyhalog& is mlemtﬁyy&eatmezﬁ - 40

met hy| ene - 5 - with zinc in the Presge n oo5 03
12, Eﬁ!:ﬁlp
23 hyd:ooengygl?cess ack dlng to Cl g wgerex%%m%n 5 zl'emoved by catalytic

6 - Deoxy - 6 - demetih YA prodss- ac@l’-tiu(gl‘ mmthew&eﬁ BRCE6tbd B&ror is an acid in To
1 nol e of thé5ExarF|§Peeu utiongr oduct in 25 of methanol is added 100 ny. 45
of 5% 'I’hOdI um on gear p"f affg’ m E?S? | ver%%ﬂf#?g@ﬂ‘w*:ﬂ @‘P room
ature and ARk sty drogen: gas untir L impl B8t ﬁdrogen
: 15. A esAfcb«ernofw bityednk fog claifnk 12,N@ 18 Akt hydrogdagrion Ol Ut i on
i s evapor at edoto dﬁf‘g?f@g’gﬁumw (rerging from 0°C. v @%mdepresiﬂm rngog o i S 50
|

slurried in ether %ﬁx‘ﬁfitﬁﬁ é’afoi@,mf’%yﬁm eﬂbéaslf}r‘ﬂg

Usi ng this procedugond & e I Blckod N - RGBS 08 £6 pﬁ&&%{y? Stamnigl:e--
correspond- 5 - pyytgracygline athiadh@p@dmpmmdtozdesﬁc-rdebedyu -6 -pmethylcmuss -

exanpl es. 1t s ol¥t C{ pou are reduced to_ami noss
conpounds in this geack i &Effoﬁﬁgdfn o8 ?nz%to?gr% rb—ﬁem 6 o ek fan 1
nmol e of hydr ogen. tetracychne and e prod]l:eton(y de&y- dleduietyl - 6 - ethyl@:i @)" ene
tetracycline @ l?( mcﬁhﬁf@%-todci?o 6Oof ge@ms 9de1detrth in the &ar-nng com-~

br ononet hyl efet et r Zog me £f -8, - oxfetret hy| 60
6 - chl or onet hyl erg AR S i g -ehloro ;\4 5e°ﬁ’| deme v d Wlene B -

denethyl - 6 - chl ororret hyI enetetracycline



7 - brono - 6 - deoxy - 6 - denethyl - 6 - chloronethyl enetetracycline

7 - chloro - 6 - deoxy - 6 - denethyl - 6 - 6 - deoxy - 6 -

denmet hyl - 6 - am nonet hyl enet et racycHne 9 amno - 6 - deoxy - 6
- demethyl - 6 - chloronethyl enetetracycline 20 9 - amino - 6 - deoxy
- 6- denethyl/ sx:p\- brononethyl enetetracycline 20

7 - chloro -{ §& oxy - 6 - denethyl - 6 - am nonethyl enetetracycline
WHAT WE CLAI é‘i / §95(Alconpound of structure Vi or Xl as set
fort h +Athe—sSpetiftecatton—hereof- 2—6——Dbeoxy—= 6 - denet hyl

6 - net hyI enet et/ ﬁ;ﬁéd ine, ZSIAMPLE Ifgfmethylmemu Chloro - 6 - deoxy - 6 -
deret hyl - 1%&: T REN L 5 25 o ofmetha:%%llsadded 100 mg. 4. 7 -
Chloro - % 5% SAFXdh carb@n Tﬁ'@ﬁ?kire' is BydrogElR ¥ twity lshakin® at- room tem-

met-hyl newe’emracaygl IonenemOSPherc of hydrOgen gad unth 1- miy dgbk mggn taken deoky - 6 -
upyt tet filteipg ip, gvaporated to drynéss under _ _

demet ! ssure The 1es1q\%p 1e er r 111)11 A ‘and_dri yéo obtaaé:gtge roduct ani no 5

hydroxy Yrozedide th s are rEJj} nd- cycline.

ing 113 hZIo-co ﬂll’q@lescntﬁd in ﬁlﬁhdﬁ@ exandples. HyidloBoigns thabnitrodeoxy- 6 -
demgt(hy| congoundyygre ced to amgifie compounds mé}me[eeqnpra@% [ngogssitating more 10
of conmpouldd! BFosAIHPER] ains 1-7 with acids or bases. AT QN A
process fgr atole. @f&ﬁ&f,y’:}tbo&oﬁ&nealyﬁnetetfg@}tchﬁl enetetracycline of st m@@ure VI |
or Xl herel-brommehddoxycla}diessamyheésltra'ﬁonafhylmetmwahge hal ogen fromthe XL
lemme%éftn asc?;c =) Weet racycl i ne, %f

positijon gf¢ Sfo 6 - degy eme
strutt ured-fHy° Vie" Id‘e J %yl thydm X her ei

10. A procesrﬁoracsocl yﬁldn oMAGHE :
treatng 6 - deoxy t hedel_rft:tézyl-- 6hat?1fyorsner%1mtmtlyhlvﬂeenet et racycl ine starting
Ik &t CrLOTOom|
corrpgd.md ‘%ﬂ'f’ Hl %'.q%-e-qgét:\w;c ﬂlery;x - 6 - bromomnie %m@ lqm%” fite. 40 % 11. A
pr océess agggﬁ&ﬁfng &CQXYEGald hethy Ve &Hiddmbs cé’& I's renmoved by Treat nment
40 wth zinc'in the presence of a proton donor. 12. A

process accoWHATOQWESLAIM 1§y 9 vvherel n the halogen is removed by catalytic
hydr ogenol ys}-¢* mpound of structure ¥ iﬁ?&gﬁ%“ﬁ@&&eﬂﬁcﬁ@”t%‘e@ aim 11, wherein

t he pyoton dg)rjargﬁjof -%n?%rffth 1' y1 6 &l ution

45 4,7- (Mmo#&ph;(dmes% adogr - mbuhylcl6a|nrcﬂsz@1ewtrmy®m hal ogen S
renoved by cdAr&Ed§ig6 - deosy -6- dFlhﬁhYétér (ﬁ, ryl (galgdrogen over a
nobl e met gy at afSree ot BFERRR Sy ‘ée"xy bdiCunfegPY | adi um cat al yst .
15. # procCess 7accKd6li g ainflo ABY h@di&:yOf6 —Cde&dymii Idmetil - 54 mevifET €1 N3

hy dr ogenatiewnachdine. |s carri ed out a terrperature ranging fromO[err]C to

100[ err] C. agu? (RS reargi ‘ds"rb‘”es atmspheric to
6 me enetet cline of stru

super at rm%xpﬁ?f‘ér n%%?%l & steg' pxﬁtﬁl le"?nyl the 11a - position-of - A process

accogsli ng ak dlaanyaloone - ethgi r&teffﬁcy&néL5f Whﬁdhﬁb mifhe vsivar vIIpgxcem 35 pound

is 1la - Klhgremor 1l1a - _chloro - 6 -. deoxy - 6 - derrethyl - 6 - nethylene
10. 4y S A5UTRAE) I Sl rp'}edﬁ-t‘} 3 ved by €. 6 - denethyl -

6 et hy @@}elt?yd g 5 €t ylenetetﬁ{c]yc r acyc compoun with aqueous a

- by 1e

55 40 11. A phakess Accpding asdanﬂ@aﬂfetdinrtge ha@ge'nny re@ided Of tedtmbdts 9- 45 wherein

t he start Fitgz e presence of 2 pyeYOIEPYrs L hlfI uoro or l1la - chloro - 6 -

deoxy - 6hy PIRSFT eccogging o ﬁ‘é‘t’h%/f”geﬁ"é“ e halogen s repeyeq By (A4!¥HRe and te product

- IBX)A process6accordm§jmuhy1|l wheein the piBRbDYdneNBtAtLRAGHCI | ne.
18 4§ prows@smgttdl ng J one of clal ns 9 15 \/\herel n the 545art| ng com

60 p%un ‘;Sg ¢ ech)'aénfiord rogeri over a no 1 % %gﬁ”g
met hyl ene dism or & @&,,x; talys Vé PR 51 S?H‘" &P dbct i s 7 - chloro
- 6 - deoxy 15. 60 prode reedofiytlg to afly oneﬁSE'E:lhﬁhls ﬂmear-145wherem hydrogenatd Yt €t r acycl i ne.

is carried out a temperature ranging from 0°C. to 100°C, @@@r@@l&e ranging from 50 19. A

24
h e b f cl 1-8
Cher apeu Faasp e Ang! '%Om helly BNYarlly Shgime 18 10 a

phar maceuheak e chladol-1 1 { @émethyl - 6 - methylkne £0. A conpound as
cl ai %Sed iA- mlxmtnrcy];lmesndasrb@nﬂmaisléy c&sxyheﬁredemeuﬂﬁsom Babhlene - 5 - 21. A
r lajm9 for rati f n ruc-
process aé’é’@ﬁéﬁy ?roéegs a%co?ajmg tg anyooneto ecla ms 90 alsawgher%% tge st?rtmgc og&c_)u d st Struc
pound is 11a - fluoro or 11a - chloro - 6 - deoxy - 6 - demethyl ~ 6 - methylene ~
tetracycline and the product is 6 - deoxy - 6 - demethyl - 6 - methylenetetracycline.
18, A process according to any one of claims 9—15 wherein the starnng com-

60 pound is 7,11a - dichlorc - 6 deoxy ~ 6 - demethyl - 6 - methylene - § -~ oxytetra- 60
cycline and the product is 7 - chloro - 6 - deoxy - 6 -~ demethy] - 6 - methylcne -5-
oxytetracycline.

[



5 ture VII or Xl as set forth in the specification hereof,
substantially as herein described. 5

MARKS &—GEERK; : w——  Chartered Patent

Agent s, ) Agents for the Applicants.
Leam ngton Spa: Printed for Her Majesty's Stationery Ofice, by the Courier
Press (Leam ngton) Ltd.-1965. Published by The Patent O fice, 25
Sout hanpt on Bui ] di ngs, London, WC. 2, from which
copi es may be ditained 995,03 lepRaTA _SPECL El CATI ON_No.
995, 031 Anmnﬁﬁaﬁmmmbmm&mmRagamagakmmﬁmﬂgﬁmﬁaﬁc ﬁmlz$iﬁead "6,
12" Page 6, line 3@mmw§wmu§yg@§g@kc@ ﬂnhméwgm bl.o §§) d_ "di sease"

Page 8, line 38, for g?gﬁﬁm‘ i fﬁﬁ@ %z i

"Ghl or ot et r acycl i Nums A X1 sy ot itélﬁl méﬁm 1anthér€lgc;)9 bed. OF 5
"tetracycline" read "tetra- cycI|MARKSRagBEm& line 14, del ete whole

| ine Page 14, line 28, for "20" reac ?ﬁﬁ%gg_%§?milne 58, delete froga
"product" to end of |ine Page 14gﬂFﬁﬁét PPE#er "the" insert "prd&duct
of" after "VII" insefdamindddOspdSftintll) (@ Her MajesA0dcddibedy Wikl hyht Eomridllpress ~ Page

18, line 14, after " Bjeermiot) Lyhseq6t. Pulfliged by Thgaend Office] 35/Rout@@ptorf Byildings,
"oxyt et racycl i neper - chl or at@don ¥ “’83‘()‘7?‘&‘?%6)7’6’1 fe g5ty chi or at e” Page

20, line 30, for "Mcllvaines read "M- Il vai ne's" Page 22, line 33, for
“chloro" rea "nitro" Page 23, line 17, for "chl oronet hyl ene-
tetracycline" read "brononet hyl enetetra- cycline" THE PATENT OFFI CE

21st July 1965
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