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· ··J11llZoo,. State c1f 1\1ichigan;.,'PiD,1:~~. States:~f .1\JlJ~~S~' <J.o>hereby de;:~re theµiv~tt.?~' 
·:tor wl11cll we pray that i,;·patent may ~,·gr.anted to<·us, ·and the method ·by"wh1.t:J:i:.·~t 
,jqo be; peif0rm7ct,, ,to be J'.?a~t!pilarly , ~brd }11 ~~!i. ~Y. 'l:he ~ollovring. sta~_ent: ·.;.;... 
· · · · · · ·· ThIS. invention·· relate!t 1fu· nbvel ·pi:-~~~:.fQr: ~~e:,~paranon. qr 7;.;mµ9;.J~.c;oxy-
. lincomyciri . and .. 7 ~h.alci-.7-deoxyepilincriiny<:ih .. a.rid: ~il~\o.gues: and is9m~s: :theyebf and 
'to novel: 7..;bromo camp~ds proGuc:ed thereby> < '': · ·: · • :-:·· • · · · . '. · .. • 

. . . . The co~p<mn;ds prepared according . to, _the ~t invention. can ~~- ~l?tjlsent~d 
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wherein R1 and R2 are alkylidene of not more than 20 carbon atoms (including 
methylene) and ad'vantageously not more than 8 carbon atoms, cycloalkylidene or 
cycloalkyl-alkylidene of from 3 to not more than 8 carbon atoms, or iaralkylidene of 
not more than 12 carbon atoms, advantageously not more than 8 carbon atoms; and 
Ra is hydrogen or HR2; and Z is a protective hydrocarbpnyloxy-carbonyl or substituted 

· hydtocarbonyloxy-carbonyl group which is removable by hydrogenolysis, trityl, diphenyl 
(p-methoxyphenyl)methyl, bis-(p-methoxyphenyl)phenyl-methyl, benzyl, or p-nitro-
benzyl. · · 
· Novel com.pounds produced: according to the present inven'tjon are represented 

by the above general formulae wherein halo is bromine. . 
The particularly preferred: compounds of the invention are those. in which Ac is 

a radical of formulae A or B. . 
Examples of alkyl of not more than 20. ·carbon at0ms (R, HR1, and. HR2) are 

methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, 
tridei:yl, tetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl, nonadecyl; and eicosyl 
and the isomeric forms thereof. Examples of cydoal:kyl and cycloalkyl-alkyl are cyclo­
propyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, 2-methylcyclopentyl, 
2,3-dimethylcyclobutyl, 4-methylcyclobutyl and 3-cyclopentylpropyl. Examples of aralkyl 
are benzyl, phenethyl, a--phenylpropyl and ia-naphthylmethyl. Examples of alkylidene, 
cycloalkylidene, cycloalkyl-alkylidene and aralkylidene groups (R1 and R2) include 
methylene, ethylidene, propylidene, butylidene,. pentylidene, hexylidene, heptylidene, 
octylidene, nonylidene, decylidene, undecylidene, dodecylidene, tridecylidene, tetra­
decylidene, pentad'ecy'lidene, hex:adecylidene, heptadecylidene, octadecylidene, nona­
decylidene, eicosylidene, and the isomeric forms thereof, cyclopropylidene, cyclo­
butylidene, cyclopentylidene, cycfohexylidene, cycloheptylidene, cyclooctylidene, 
2-cyclopropylethylidene, 3-cyclop~tylpropylidene, benzylidene, 2-phenylethylidene, 
3-phenylpropylidene, and a-n:aphthylmethylene. 

. · The com.poumis of Fonnula I can be prepared by replacing by halo as defined 
above, the 7-hydro:xy of a compound of the formula . 

II 

OH 

The replacement is effected by mixing the starting compound of Formula II with 
Rydon reagent in an. inert solvent and heating. For example, when a compound of 
Formula IIA (that is to say when Ac in Fozmula II is that of the acid of Formula A) 
is used as the starting compound, :a novel compound: of formula IA (that is to say 
when Ac in Formula ~ is that of the acid of Formula A) is obtained. When this 
comp?und or the startmg c~pound (Formula HA) is hydrogenated with a catalyst 
effective to saturate ian olefinic double bond, a compound. of Formula IB (that is· to 
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OH which, jf desire4.; can be separated by counter current di$tribution or chromatography. 
W-hen R .. in formufas, B, IB, and rm·:(tfuit is to say when Ac in Formula II is ~~at:! :t~d~:1ri::£~;}f1%.C!~~~tb~~nr~ -~ ::~~ ~~:: pdllnd' aecprding:to: Formula B, IB, or IIB, .. v;'hei"eii;i ·Re is hy~gen with an. oxo 

compound (8P; aldei.t~"de or a: ketonJnf'1 hydrogenatµ1g:_the resW?ng adduct wit? a 
catalyst. effective ,to .. ~:turate an o c double bond. E.i"ther platinum or palladium 
can. be ~sCd as· the cataJySt; Sµit;able OX()·CO!IJ:P~@ds·~Ve :the f~rii:lu~ R..R6CO where 

· R.iR~C. .. is the same as Re .. g(~~ 1~bo~. J~xii.mples. .. o~ .·suita,ble. ~l[o: _COI1lpQunds. are 
formaldehyde, ·:acetaldebyde, propionaldehyde, bUtynildehyQ.e, · a~tt>~j i~bucy!Qlethyl 
ketone, ;beilz~lctehyae, : phenylacetaldehyde, hydrocinnamaldehyde; acetop4en,one, piopio­
phenone, btityrophenorte;' 3-methyi.;;'(.-phenyl-2-butaoone, 2_-methyl;.5-phenyl~3-
pentanone, 3~cyclopentanepropionaldehyde, cyclahexanea~taldehy~, cyclohept.ane­
carboxaldehy('ie; 2;2-dimet;hylcyclopropylaeetaldCltyde, 2,2-dimethyk:ycfopropyl methyl 
ket<1ne, , cyc~opentyl rilethy'l ~ne, cy~fobutyl hiethyl k¢rone, cyclobut.anone, cyclo-
hexanone; altd.:4-111Cthylcyclaheianone~·"' . . , · -·- . The ~g cinnPQUnds of Formula: II ar~' described in British Patent Specifica­

. ti<in No; 1,118,306. '.11ICY •re prepared bf aCylating a ·ooplpaund of the formula 
.. ·, .. : ·.· ~: ~ ' .. , ·." : 
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· . .-·F<irmula''A:'or; B: ~=s acylattoA @d·· · - :lations refei'ted to herein -can be effected 
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wherein Z is a protect.i,ve hydrocarbonyloxycarb<myl or substituted hydrocarbonyloxy­
carb9nyl ·group which is removable by hydrogenolysis, trityl, i.e., triphenylmetbyl, 
diphenyl(p-methoxyphenyl) methyl, bis-(1'-methox.yphenyl)phenylmethyl, benzyl, or 
p-nitrobenzyl with a Wittig agent, e.g., i&n alkylidenetriphenylphosphorane [see e.g., 
Wittig et al., ·Ber., 87, 134'8 (1954); Trippett, Quarterly Reviews, XVII, No. 4, p. 406 
(1963)]. Examples of optionally substituted 'hydrocarbonyloxycarbonyl groups (Z) are 
tertiary-butoxycarbonyl; benzyloxycarbonyl groups of the formula 

x 

wherein X is hydrogen, nitro, methoxy, chloro; or bromo, for example, carbobenzoxy, 
· p.;nitrocarbobenzoxy, p-bromo-, and. p-chlorocarbobenzoxy; and phenyloxycarbonyl 
groups,of the formula · · 

'ff oc-

Wherein X1 is hydrogen, allyl, or alkyl of nOt: more than 4 carbon atoms, such as 
phenyloxycarbonyl, p-tolyloxycarbonyl, p-ethylphenyloi:ycarbonyl, and p-allylphenyloxy­
carbonyl and the like. 

In carrying out this process the 4-oxo-L-2-pyrrolidine~rboxylic acid (Formula C) 
is added to a freshly prepared Wittig lUlgent. The Wittig reagents herein used can 
be generally represented by the followingformula =: 

Ri = r<CeHs)3 
wherein R1 js as given above. 'These ·Wittig reagents are prepared by reacting an alkyl, 
cycloalkyl, cycloalkyl-alkyl or aralkyltriphenylphosphonium halide with a base such 
as sodamide, or sodium or p<>tassium 'hydride, or the sodium or p<>tassium meta:late 
of dimethylsulphoxide and the like. For example, the elimination of hydrogen halide 
from alkyltripp.enylphosphonium h~lide? ptodw;es · ~en~phenylphosphorane. 
.[Th~ pr~atlon. of phosplloralle$ is di~se.<i m deta!l by :rnppett\ Quart. R~y. 
:x;vn, No •. 4, p. 406 (1963)). The rea~on l'S generally earned- out m an. organic 
solrent, Such· as benzene, tQlnene, .. ether, •dimethylsuIP.hox.ide, ·tetrahydrofuraii,. or ·me 
like, .at temp.e;~~s between 100 C. ·and. the .refiux ·t:emperatilre of the reaction 
mixture. · The· ·thus-obtained· ·product, a 4-elkylidene-, 4-cycloaikylidene-, · or 4-
aralkylidene-1-protected-L-proline which has the following formula 
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is recoyered fri>Jil the rea<:J,b,im~~ m ~ conventional manne~, generally by extraction from aqueoll8 solutions d thq ·teat:µon ~e. T..be crude product can be purified. by conventfonaL means, such a.S redjystallii~tion~ chromatography, or formation and 
recrystallization:·of ·easily foimed deriV;itiY.e8~ such as amine salts of the amino acid, 
e.g .• ·the dicyclohexyJamine salt, and ~ J~e, and liberating the amino acids from su,ch c;F.poW!.ds; ~y,lty~fffi9~~ a¢id Of Forri:l,~Ia)), ill the ~~ ~(a c~~l~h 
e.g;, piaµitun;i, W!li£h.i.s eff~~~jl't,Q~A~~ ~.d.Q~ble. {)ond,.~ut wru9J ~s, meff~ve}O 
effect :byqrogenoly$!s, a co~~;jj1he f~ll9W1ng f~ula . ··· .. · .. · ... ·.. . . • ·., · ... , . , . . . . . .. . .. . . . ··.~ ~~~{:lz:; ' . . . . .. .."_ ': . ."··., 
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i~ ob~i~eK P~t~: ~~t~j;(~ti~~&-8rri~;'e~g., ,_c~~~QJ1 ___ 6r :~1i ~0(~~11ie -~in' like P.owe:x;,_,;..l (Reg1~d T~e. · · ), a c;:ross::-iinke(l polys~ uµnethyl benzyl.., a¥~~~- :i;es.in i~' ~~-.hy~i~r:, · is sriit~j:lie: ·If .d~if¢d, the· stirtipJ ·compoµnd~ -0f .FormtJlilJl can lie' acylate\lil:. 4s of:Formula G., :P, or E to for,\11 compounds. 
IIC, UD;·:~rid II~respecth¢ly .. Q? ' · ·IIC ~n: theifbe con~'.:t0'comp~-UD. •by'~re4tment With a:: Witti'.g ~ ·" ...... _,arid cQrii~ ·t1p·hydrogenat¢<.{ to c0mpo,uri4, IIE .. J:i:Y• the .•. procedu~s. given a~e~ '!Ji~ h:YdrQgenati~n .... both·· of ~Qe .Jl~~~ p., aµ4 .. the,:: 
:a,<:y~~e .. JID, · giyes.:a inixtur~ .:Pf -._, __ , · d··•.·.tx:ans epi~rs.)vhith..t. ~f" .. d~ited',· can .Ile, sep_~r.a.tecJ. .. ~ c?lll!~~,.ctfu."ent .4i~; · ·or;_~¥itography .. ·1·r:f·~g- acidS .of: 
Ji'ortnula B m· wh1cli .. Rs.1s l\Ydt obtain~ when anac1d of Fm:mull,l .D..Qr·E· 
is. subje_(:~d to hydrogeriolysiS ' lladium 'catalyst, ie.g.,. palladi~ on carbon. :til~~~ise;' i?OP1po1J!1Cis' ?~- For.rlltil, . I~E ,re- '·c0nverted . tQ,: CO~POl,Ul,qS,_of "F0rm~ I~B.- }~. w~~h Re 1S hy~o,gen ~y_ , _p~e~ .. The sta~~ -~9~ "?f. 11'.~mula :a 1n, 
~h1~b ~s}S hyd'rogen_as;;wcll. ·~~'r .. ~f ]!ormull,l Im m.!ili.1~.-~!l;}S~!1Ydr~ can be co~~r~~~ly to . . ?f F'o~\tlas.B·an-4.;l}:;Q .. ~,_J'hi~·~:.i,s H:R.2 l:ly tJ:le procedures given {lbQye . :qg acids of F<irnl\JlA .A ~ ~btruned by ~~~: __ IUl acid of F°:~llht D -~ .,.,,_.;, · ·~ rWith ,hydroge_ll h.1°0ni.~~1 ;Jiiiacetic acid. to ~o~~- the ~ gr~p_. and .· 11 , ~.&:.~ N·h~ro~ with-~ J.mf group. qy· the pr0CC4w:~, ~~'-al>oVe.·.. .... · ,;\tQrrouia lID and, ng,~r,;. .. cpn:yeftet}. to . 

compounds .of:·~~~ n·~.·.by the :ess. ;. .-.. :·~·,:· = ... • '. ... · ..... • . . 
.. 

Some ·of the: sta.rting compounds·.~.Qf Formula: II .. are· obtained bfosyrithetically. Llncomyein; ~yl : 6,8 :.; :did!'<>xy: - i/i. - (trails :~:t - methyl - 4 - propyi - L - 2-
pyrrolidinecarboxamido r l-thio-D-eryt(itQ1-o«-D-galactO:.oetopyrimoside, is obtained as 
an elabor-ation: :product·~ a:Iinconiytlj;\+.produclng actinomycete according to British 
Patent Specificatfon No. 976~7~5. It has (be following. structu~formula: : 
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wherein·R and R11 are methyl and RiH is propyl. Lincomycin B, methyl 6,8-dideoxy-6-
(trans - 1 ·- methyl -' 4 - ethyl - L - · 2 - pyrrolidinecarboxami.do) - 1 ~ thio - D­
erythro-a-D-galacto-octopyranoside (Formula VI wherein R and Rs are methyl and 
-R1H is ethyl) is described: in British Patent Specification No. 1,096,841. Linoomycin 
C, ethyl 6,8-dideoxy-6-(trans-l-methyl-4.-propyl-L-2-.pyrrolidinecarboxamido)-l-thio.. 
D-erytlw~D-galacto-octopyranoside (Formula VI wherein R is ethyl, -R1H is 
propyl, and Rs is methyl) is described in British Patent Speclfi.cation No. 1,087,882. 
Lincomycin D, methyl 6,8-dideoxy-6-(trans-4-propyl-L-2-pyrrolidinecarboxamido)-
1-thio-D-eryt./iro-.a-D-galacto-octopyranoside (FOrm.ula VI wherein R is methyl, -R1H 
is propyl, and Rs is hydrogen) is described' in Britisb Patent Specification No. 1,102,835. 
Methyl 6,8 - dideoxyo - 6 - (trans - 4 - ethyl - L - 2 - pyrroldinecarboxamido) - 1-
thio-D-erythro-.a-D-gcilacto-octopyranoside (Formula VI wherein R ·is methyl, -R1H 
is ethyl and Rs is hydrogen) is also produced in the fermentation af British Patent 
Specification No. 1,102,83.S. Similarly, lincomycin K, ethyl 6,8-dideoxy-6-(tmns-4-
propyl - L - 2 - pyrrolidine:carboxamido) - l' - thio - D - erythro - a - D - galacto­
octopyranoside Q?onnula VI wherein R is ethyl, -R1H is propyl, and Rs is hydrogen) 
is produced when the fermentation of British Patent Specification No. m,165 is 
carried out in the presence of added a-ETL, ethyl 6-amino-6,8-dideoxy-D-erythro-a­
thio-D-galacto-octopyranoside, a compound obtairied by the hydrazinolysis of · linco­
mycin C. Ethyl 6,8-dideox.y.;.6-{trans-4-ethyl•L-2-pyrroliclinecarboxamido)-1-thio-D­
erythro....a-D-galacto-octopynmos.id'e (Formula Vl wherein R is ethyl, .;._R1H is ethyl, 
and R'3 is hydrOgen) is also obtained when a-ETL is added to the fermentation of 
British Patent Specification No. 916,165. The above-described· N-desmethyl products 
are examples of starting oompound IIB wherein &ii is hydrogen which, by the .procedure 
described above. can have the N-hydrogens replaced when it is desired for Rs to equal 
HR2, ·e.g., when it is desired to produce methyl 6,S~deoxy-6-(trans-1-ethyl-4-propyl­
L-2-pyrrolidinecarboxamido )-1-thiO-D-eryt!rro-a-D-galacto-oetopyranoside or ethyl 
6,8 - dideoxy - 6 - (trans - . 1 -:- methyl· - 4 ·- ethyl - L - 2 - pyr.rolidinecarboxamido)­
l•th,io-D-erytkro..a"'D-galacto-octopyraooside or ethyl 6,8-dideoxy-6-(trans-1-ethyl-
4 - ethyl - L - 2 - pyrrolidinecarboxamido) - l - thio-:- D - erythro - a - D _ galo.cto­
octopyran-0side or methyl 6,8-dideoxy-6-( trans-1-ethyl-4-ethyl-L-2-pyrrolidinecarbox-
amid,o )-l-thio-D-erytlrro-a-D-galacto-octopyranoside. . . . 

LincOm.ycin or any of the starting compound's of Formula II which has the D­
erythro configuration can be converted to the L-threo configuration by oxidising the 
7-hydroxy group.to a 7-om group iand then redUcing the latter to a 7-hydroxy group. 
A suitable procedure for this purpose is illustrated in the following sequen~: 
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For example, lincomycin· on. treaurierit :~th acetone in th~ ~ce of p-toluene 

sulphonic aeid is eon~ to. 3,4=Q-iso{>r0pylidenelincomyclli which on .oxidation:with 

chromic oxide . giv:es·:, 7"".dehydn>-3;4.-0-isopropylidenelii)Comycin (methyl o,;g-dideoxy-

3,4' - .o , .... *>propylidene, - 6 --{uans ~ •. 1i' :.. in~yl -A ,.. propyl ,.; L -· 2. - pyrrolidine- · 

carboxai:nidO)!:.-~>"· tJ!jo - D . .:.,glyeero {a; E> ;;.; galacto:-: octopy.ran6s ·- ;7:.:. uloside) 

whic}l ori tteaPiJ,ent. With:' sodium,:;borohydtjde is' converted tO 7-epilincomycin:' (methyl. 

6,8 - dideo~y i 6 - (tra*s• _ 1 - methyl·~- 4;; propyl:-· L _ 2 ~ pyrrolidiilecarboxainido).;;· 

l;.!:hiQ:OL'.thr~D"".g~aeto-octopym
noside;) .• Any .of·the starting o0mp0Urids of :Formula 

II. ~having' .a :P..erythro J:<>nfi~'tipn aui' be Q>nverted ·to :'the corresponding. D .. threo 

configu'iatiori by this p~ec;l.ure. .. . · · ... · · · . -. ·. · .. : < •: 

As the· ·biosyntheti,C .. produced lineomyciJ:ls, ·~ w'ell as the ainin.0. sugars derived 

theref~~jire either methyl or ethyl thi0gly~d.es, it is sometimes desirable to convert 

them w:rugheJ:' '91' lower glycos.ides:'It ,is .ais4·~0m.~ti~ ~esi!'llble :ro. convert any of 

the compotiilds·of F<,>nnulas I, II, or V.to higher or J9\Vei: gJ.y~~d.es. This can effectively 

be accomplishedi by reaaing the compoond: to be :CQD.v~t~f.with a rilercaptan of the 

Fonriula ~SH wherCin Re is an alkyl''groitp Of n.Otiril<)!;e -th~uf,20:carP<>n atoms, but 

one differeJit :from R;· for example, oompounds'' of F9rin1,Jla• _r '11ld II oil reaction with 

a mercaptan Of ·Fonnwic\ }l6SH produce dithit>a~ls qf Jhe fOririilla :; 

c~ x 'ca.•"'':,···· 
: ,.· :: ~:·-> 

···""':/ .. 
: :; .. :: 

·>O~. 

x;ra 

OH : 

i -:·.: 

. ··: .. _. 
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·wherein X is hydroxy or halogen, which on tteatlnent with acid alld/or on heating is 
recyclized to give a compound of the following formula 

CH~ 
x 

XII 

The process can be applied directly to any of the starting products of Formula II, 
i.e., IIA, IIB, nc, IID, and IIE. The resulting products can be subjected to 

. hydrazinolysis to.form compounds of the following formula: 

~;.7 

XIII 

OH 

which can be.N-acylated as described-above with acids of Formula A, B,·c, D, and E 
to provide compounds according to Formula XII wherein X is hydroxy. The process 
can also~ applied to the starting compounds of Fonnula V. For example, a-MTL 
on treatment with ethyl mercaptan followed by recyclization as described above is 
converted to a-ETI.... ~MTL is the S,.methyI analogue of a-ETL. It is described in 
British Patent Specification No. 1,008,447. • ·· 
. An alternative process for making compounds of Formula XI or Formula XIII 

is to bromiriate . the starting material and then react it with the mercaptan according 
to the following sequeni::e : . 
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OH3_····. 

-NH-+-.__ XIV :· J :···· 

OH 

OH 
01£ 

CH.} 

\ :" 
CH 

3 x. XVI 

. :.:; ... 

OH 

OH 

The starting compound, XIV, _is dis8olved· in water as a soluble salt, e.g., the hydro­
chloride and bromine added with. cooling advantageously to ·between a:bout -10 and 
20° C. It is sufficient if the aqueous ~olution is cooled to abolitOO C. and the bromine 
added dropwise. The stoichiometric .amount of bromine is 1 ;mole for ea"ch mole of 
starting compound, though more or less can be used~ Advantageously :a slight excess, 
say from 5 to 2Q% excess,. of ~ronii~ ~s used.· 'The bromine. initially. repla~s the 
RS- group and the resultmg ~ediat!e. bydrolyres to the qar Jn which the 
pyranose form XVa is iii equilibri"Qm With the al~se forni XVK In the presence of 
add, e.g., hydtc>chloric acid or other strong ncm:..oxidiiing . aqid such as p-toluene 
sulfonic.,.acid, and sulfoJiic acid'~ anion exchange resins, ·the mercaptan R6SH 
reacts ·with the stigar ~V to fonn. the' thioglycoside XVI. Concomitantly some diacetal 
of Formula. ::;icI may be fom;ted :whiqh after separation can .be ·cycl~ a~. described 
above to for.in more iof the dtSh.'(;drthiogly~J.de'XVI ... · ·'. . .. ·: :. • ' · ' . . · 

Tlie mechanism. by whi~ Rf don •reag~tdfects; th~· substitution Of rJ:te 7-hydroxy · 
by halogen· is· notJillly· µnderstood'. 'The m'echanisrii:is:'.sllc:h "thai-a· change in configura­
ticiii results: .. Th'ils;· ·a 7;.;hydrotjl '(f:Otjipouijd of 'thi:f'D~~hi'o C()µfiguratfort wol.i.ld yield 

a 
7~;~~~~f:::~:fo~·'... ~~~-·of: h\i1~eI1·:·i()'·'~ph~ ~~Sphine ·or 

triphenytphosphite. ari'a'ddition:1i>f,tan, alkyl haµde to trip~~ylplioSEhi~ it!lt;I··cap. ~ · 
r~~~~~~~:;~h,~.'~l}s.~tf~1DJf,~~formul~;: .: < · :: . ••· :> ~- :< · .. ..:::r · .. ·. ·, ·. 

·.:··. :;:~_~;···'._;: ... ~.::·>·~·:.!··· ·:·~:·· ~.-.·~·· .. :,.~~i~;.~t ::,._; ~ -.:· ·· ... , ~:: :•r::· .:: ... \'..~ ... _.~,·::'. 
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wherein X is halogen, e.g., chlorine, bromine, and.Iodine. Rydon et al., J, Chem. Soc., 

2224 (1953); Ibid, 2281 (1954); Ibid, 3043. (1956). The Rydon reagent can be formed 
in 'Situ by addition of halogen or methyl halide to a solution of the triphenylphosphine 

or triph.enylphosphite in an inert solvent such as acetonitrile or d!imethylformamide, or 

it <:an be isolated as a: separate entity. In either case the reaction with the lincomycin 

or related compound is effected by cont~· the Rydon reagent therewith in an iµert 
solvent, e.g., a<:etonitrile or. dioiethylforma.tnJ.de, until the de.sired substitution of the 

7-hydroxy is obtained. The reaction~ place at ordinary ten.J.perature, though geiltle 
heating can be effected if desired. Advantageously the temperature is maintained 

betWeen about 2()0 C. and about··55° C. The product can be recovered from the 
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reaction mixtlir¢ bf well bioWri'. techrii<i~~-: m~h u· ·fUti'atjoµ., .solveni°extta<;tion,. etc .. 

The. reaction miXture··advailtilgl:ously is treate4 :With :iri¢rhapot to .. destroy any excess 
Rydon reagent,: filtered to temove any "solid su~h · as triP.henylph<;sphine . oxide~ formed 
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in.the. ~n, and th~ treated to recover the produci .. The'~'thaµq[can be; add,ed. 

either :-before. ·or after· the· filtration. Adianmg~lisly ·the •·tr¢ated: and ·filtered: reaction . 

;:::;~-~---:~~ted,r_·drynesS and·.·~~:·;·br··S()1~t·.~fri~.:e.nd(~r·•~~~ato~; 
: The cimlpolinds of' Formuias 'IA, J~~ IIA; IIB; 8*d y ei[i,st"·eithet in the. pfotonated .. 

or non-protonated for#ls acoording t<>": t}ie pl! ~ the" eri,Vif9nment 'rhC ;ipr0t9natf:d 
form refeR·to· the'aci<,l~addition salt"and the·n.OO·prororiattid·form· to:the free base. .. 

The free bases can be ~verted: to stab.le :add..,addidQD. salts by neu~alizing. the :free 

base with the· apprOpriate acidi.iib:~b¢10\r. ab,(mt ·P.~ :7.f), ~pct ~Vant:ageouslr to about 

pH 2 to PII .6: 'SUi~b.l,e ad.ds;_ l'or~:tbis p~ · fuclude' hydro¢hlori~, Sulphuric; phos­

phoric, thiocya11ic, · · fiW>!lilicic, hexa1luoroarseriic0 'heXiifi\l<>rOP.hosphoric, ·acetic,. succinic, 

citric;. lactic;· Jlialek~ -ifUm.aijC, 'PlilnOic;. clio:lic, ·pa1mitlc/ m~~; cimphoric, :'glutaric, 

glycolic, phthalii:, ·tartar,ic, laitniC, stearic; saliCylic; · 3•Phellyhiali~c,. 5-phenylsalicyciic; · 

3-methylglutuic, orthoswf~itj~cyclopentari.epiopiOnic,. t:,ktjiclohesnedicarboxyli9. 

4-cyclohexanecarboxy]ic, octadectriylsUccinic, , octenylsucclnic; ,netha~honic, 

benzenesulphonic~ ·heliBrithic, .Reine.dte's, dimethyJdithiocarbamic,· cyClohexylsulphami<;, 

heXe.decylsrilphirinic;. '.!octadecylsulPbamic, . s0rbic; · mO.noclll<>i'Oacetic, undecyl~k,: · ,4'.;. 

hydro~yazo~ieiie-~S111.phoiiic, octyldecylstliphuric~ piqfo, .. be.DZoiC,. ciruUtm.ictarid<like 
acids .. :'/.::·: .. :_.-.',.::,,/:.' iiw .. ·•.•· .•. ;. ·•: •:./• .. : ':: :· •. , .• _.·:.;·.-: : .. • 

· The atjd...:adaitio11'8alts can 1*>used for the siitn~ purppses as the free base.or they 
can be empl6yed ·to ypgrade.:tbe,.~-same: For.: wo;ipl~; the .ffi:e base ·caµ be.· converted 

to an insoluble salt; st1ch as the picra!e, which can -~ 81'.lbjected ~o purifka:tiOn. :pro- . 

cedures, for exa.mple, . solvent extract~ons and washiitgs, chromatogiiaphy, fractional 

liquid-liquid ~ctio~, and crntallizati0n· and ·ih.Cri ·u$ed ti> ·regenerate. tlie free base 

form by treatment with alkali on::.to make.-·a. different, salt' by·"inetath¢sis. :Or the free 

base can be C9JlV«#ed to a watef,;.soluble ;salt, su¢h a$· the hydrochl.oride or sulfate 

and the<aqrieous.&Oluti()n ()f the•sillt CX.tiacted with·variom water-.in$.isdbte solvent& 
befote· tegeriemting • t~;free base.-form l)y·. treatment of the· thtls..:~· acid solution 

· o~:conY~ed ro·~noth¢r salt by ~etathesis; The free ·t:>ases af_ForinuJas IA;IB, IIA, 

IIB~ and Yca11 be ~as a buffer or aii-an iantacid. :-The cfunpound$ of Fptmulas::J, · 

11,.. and. y· rellci With "isocyanates ·to form 'l)rethaiies arid: can b~::use& i to .~modify poly­

ure~ne .:resim;: Th,elo~g chain.qoinpo.11Q4s, i.e~ .. where~~ is alkyl·~from'. 8 cilrbo1{ 

atoms ·up,, have .¢ace active properties and can be .µse&·as-~gl and. emulsifying 

agents. ,T;lje· t:hiocyan~c= acid ·addition salt when :~densed.»with · for:_*8Jdeh.yde fonns 

resinc:ius :piatei'ials 1lseful as pi~· inhtbitors "according· to· U.S. Piatents ,2,425,320 

and 2,606;,1~5; ThCJree bases a~so make gtiod :v$icles: for· tox.ic aci&, For: ~tnple, 
the 1lti~ilicic.'iiqd ,add_ition salts~re ~lll as .n.iOthproonng '~gents c.atcotdiiig: to:u,s. 
Patents J,?15,3~4 .anq< 2,075,3.5~~ and .the.· hex:afluoroarsenic .acid ariCl hex,afl.ti.orophos-
phoric. atj(:l additioi:,;;/salts ·ami;tiseful as parasiticides' acC:otding to U.S. -l>a:t¢ts 
3,122,536.and· 3,122~552. ._ · · · · · ·· ·. · · · . 

The cl!)se ~miil0gues of 7-1--1.o-7~eoXy: lin~mycin, te;, :yvhe:rei . ......:.Riff:•is: cis or 
transalkyl:of •not n'JOrC·than 8 carbon atoms"; Rais. methyl oi :Cthyl;'.R is alkyl of not 

more tbml 8 . carbon atoms have · antibacterfal · properties ·arid : some '-ate conipt1rable ·or 
superi(lr to lincomyci* and can be ilsed .for·tbe ·same. ~s a:&ilincoµiycin. The 

other analogu~ : arid isomers have similar :a.nrlbacterial-properiies: but-to a lesser: degree 

· and . cai\; be :~sed for:' the same purpose( as-· 1iriCQJriY<:in wh.Ci'C' l,a:rget 1 amoµnts . are ·riot 
objecti~ilal)l~. . .. · L'.:. · .·.: .. · : .. ·_: . : <: .. : . '· . .-·.:- : ' . : ... : 

. The· _following. ~xamples are illu8ttjlti~ ·af th~ process ~ 'produ,tts ·ohhe· p~8ent 
inventiOll; :bu( are. ilQ.t Jo be •COJiStrued as : µmiting. The p!lrtS and p¢rcentages · iµ"e ·by 
weight and the _solvent ratios are by volwnc; Unless otherwise· spetjfied. · : · ·.:' '· · · 

:. . . .:-. ~-- ~-7~Bromo-7~d~~xy=~l ~:-i~ hJclrL(Je · .. '" :. : : : . 
·A: sqlutio11 OfJljdon reagent was prepill".ed bY'.stirring a dry ;~Jution·of 52~6 g. 

co.2 -M);of ttjphenylphosphine Aµd 800 ~. orac:etonitrile' at 300·;;,Jder mtrogei(and 
10 mJ. (().19 .M) df. bromine ded <>Ver a,:4()-min.'period. After. r. · • g Jor 19· min . 
m.ore,-8.~ g. of]in<;'Qmycin 'Wa.Sr~added and". the ~on: stjrred at!! 06· f<>r"·1'8 hr. ·A 

white &QJ,id. wa:s :then:piesent. The fea~on wa$ filtered and the so.li.d~·d!' .• r~d·~· Metli8~ol 
(loo ,µit) was ~~ to.the .filtrate and the solVen:ts then. ~po .. · -under··.vacuum. 

~ y~ous.~id~~a~d~~-.in 100 Dil:.methanol, dilutea=r ·th 1800 mv· of 

water -and extracted six tunes 'With 200 ml. pol'tlons of ether/The ether extl'.acts were 
. . . ·= ·.·.,:, . • 

,·: 
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. . 
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discarded; the· -aqueous phase. made basic (pH 11) with aqueous KOH ' and·· then· 
extracted four times with 200 ml. portions of methylene chloride. The extracts were· . 
dried and evap<>rated; leavfog 11 g. ·of a yellow solid which-was chromatographed over· 
1 kg. of silica gel using methanol: chloroform 1: 9 (v/v) ·as the· solvent system; After 
a forerun of 1200 ml., 22 fractions of 56 ml. were collected. The last 6 (fractions. 
17-22; were pooled and evaporated to dryness yielding 2.8 g. of 7-br:omo-7-dedxy-· 
lincomycin. This was converted to the hydrobromide by dissolving in water, adding· 
HBr to pH 1, filtering and lyophilizjng the filtrate. The hydrobromide··had an ao+ 
114° (c; 0.9314; H20).and the following analysis: · · · · 

Calcd. for C,.8H114Br2N205S: 
C, 39.28; H, 6.23; N, 5.09; S, 5.83; Br, 29.04. 

Found: C, 39.64; H, 6.19; N, 5.07; S, 6.04; Br, 28;50; 

In place of bromine, there ean be substituted chlorine, which yields 7-chloro-7-
deoxylincomydn which is identical with the product obtained by chlorinating linco.., · 
mycin with thionyl chloride. In place · of triphenylphosphine there oan be substituted 
ttiphenyl. phosphite. Also, in that case a methyl halide can be used in place of halogen. · 
In pla~ of the lincomycin, there can be substituted other lincomycins and analogs 
thereof. Thus, when.lincomycin C is substitirted for lincomycin 7-bromo-7-deoxylinco- · 
mycin C there is obtained. 

Lincomycin C can be obtained by the fermentation process of British Patent 
Specification No. 1,<>87,882 or by reacting lincomycin with etlmne thiol as described 
in British Patent Specification No. 1,127,139 followed by. heating in the presence of 
p-toluenesulphonic acid· or by fusion. 

Other alkyl, cycloalkyl, cycloalkyl-alkyl and aralkyl, 7-halo-6,7,8-trideoxy-6-
(trans-1-methyl-4-propyl-L-2,.pyrrolidinecarboxamido)-1-thio­

-a-D-galactooctopyranosides. 
· By substituting the lincomycin by the appropriate alkyl, cycloalkyl, cycloalkyl­

alky~ and aralkyl 6,8-dideoxy-6-(trans-1-~ethyl-4-propyl-L-2-pyrrolid~ecarboxamido)- · 
l-th10-D-erythro-a-D-galactooctopyranos1de, for example, where alkyl is propyl, ~ 
petttyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, retradecyl, penta­
decyl, . hex:adecyl, heptQdecyl, octadecyl, nonadecyl, or eicosyl and the isomeric forms 
thereof; by cycloalkyl or cycloalkyl-alkyl are cyclopropyl, cyclobutyl, cyclopentyl, 
cyclohexyl, cydoheptyl, cyclooctyl, · 2-methylcyclopentyl, 2,3-dimethylcyclobutyl, 2-
methylcyclobutyl · or . 3-cyclopentylpropyl and where aralkyl is benzyl, pfrenethyl, 3-
phenyJpropyl or a-naphthylmethyl, there are obtained the corresponding alkyl, cyclo- · 
alkyl,. -cycloalkyl-alkyl and aralkyl · 7-halo-6;,7,8-trideoxy-6-(trans-l-methyl-4-propyl-L-. 
2-pyrrolidinecarboxamid.Q).,.1-thi<l-«r-D"-galacto-octanopyranosides. The compounds thus : 
obtained (both the 6,8-dideox.y arid the 7..:halo-6,7,8-trideoxy compounds) wherein alkyl 
is propyl, butyl, pentyl, iand hexyl (obtained respectively when propyl, butyl, pentyl; ' 
and hexyl mercaptans are used) are especially effective antibacterials, having the si:ime 
spectrum as Iincomycin and equal or greater activity. . 

Also,. when the lincomycinis substituted by methyl 6;8-dideoxy:..6-(trans-1-methyl­
or · 1 - ethyl .- 4 butyl - L - 2 - pyrrolidinecarboxamido) - 1 - thio - D - erytlrro- · 
a-D-galacto-octopyranoside, the corresponding 7-bromo-7-dieoxy compound, methyl' 
7 - brOlJlO - 6,7;8 - trideox.y. - 6 - (trans - 1 - methyl and 1 - ethyl-' 4 _..butyl - L-
2-pyrrolidinecarboxamido)-1-thio-oa-D-galacto-octopyranosides are obtained having the·• 
same antibacterial spectrum as lincomycin and equal or greater activity. · 

On substituting the cis epimers, there are· obtained methyl 7-bromo-6,7,8-trideoxy-
6 - (cif> - 1 - methyl and l - ethyl - 4 - butyl - L - 2 - pyrrolidinecar-boamido) _· 1:.. 
thfo-a-D-galacto-octopyranosides having the same antibacterial :spectrum. · ' ·.' ·· 

The cis and trans epimers used as starting materials in the above examples are 
described in British Patent Specification No. 1;118;306. 

If desired the ·above·. procedure can be ·applied fo the S analogs of a a-MTI. 
obtained by: the 'hydrazinolysis of the lincomycin ·C or the S-analogues thereof described 
acylating the resulting alkyl, cydoalkyl; cydoal:kyl-alkyl or aralkyl_.6-runino;..6,7,8-:1ri_. 
deoxy-7 .. halo-l-thio-D-erythro.:a-D-gafacto .. Oct:opymmoside with an acid of :Formula ·A, 
B, D, D ·or E. by the procC!'Clures of British .Patent Specificatioo No~ 1~118,306. If" 
desii;ed. the above procedure ca:n, be applied to 'any ·of the intermediate· starting· com:.. · · · 
pounds such as those of Formula Ila, Ilb, ·Ile, .Jid. and Ile whete· Rs'· is hydrogen t"<Y. : 
prodUQe .. the .same rompeunds. The resulting; 1~halo .·compounds' can· be proeesS'ed bf 

. . . . . . ; ; ' . : : ' . . . : . . . ; . . ~ .: . ' . ~ . . ·. ; .. : ~ .... _;. . 
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20 

moiety to the desire(fform. . . · . .. .. . . .·.. ; 
Separation oLthe ds~· and ti:ans-isome.rS-is not a necessary step as the 7-chtoro 

derivatives of the miXed. epjmeis are U$eful .per se. It is desirable, however, to keep 
the content of tta~isa·~high as this-is 'the ·moiit·'active fonn:·'By carrying out the 
process with this. in mind m:ixed· epimerk products containing a. ratio of trans- and 
cis-epinien Qf 3 :] to 1-: 5 can readily;be obtained. . ·.·.·· .•. ·. · · . •·· .. · 

··A, prererred--group -or-~poonds iepresertted by'the·fromula: --: .. · 
• _" i. '. • • • • • • L ~¥~"! ( • : .. •' • • • • :·. :·: 

it 
' ··NJ . 

... ::· :-· .· .. 
···'··. 

CH ... .-.• ···· , .... 
C•3·C•· 

.. ... -~.. -;: 

... :.:· ......... , 

' 
. 

. 
C ~NH 

HH! o . . :. ~ ; 

OH 
XXIV · 

wherein .. ·X is chl()1;ine··or·bromine· andi R, HR.1, and R-s are alkyl 0£:1101 :more than six 
carbpn ·atoms, acIVantageeU§ly of not. more than twelve carbon atom$ and the· ¢on­
figutation to L-ih:reo in -tJiC7v~ggregate:--are obtained on treatirtent with }\yd.on reagent 
by the~ proced.uie:·9f . Parr.:-1.N ·if compciunds ia.a:ording to Formula: XXIV where.' :X is 
hydroxf and R; .HRi,: an<fLR'.8 are·aJ:kyl as given above and(the corifiguratio11 -is'. L­
eryilir(), The 6,'S~dideo:s.ji;~pounds. of ·Formula XXI asJ:haracterized ab<>'v¢ '.are 
active:·antlbacterialS· coni~ble with''lincomycin. The 7,:.halo-6,7,8"'.trideoxy com­
pouncts:.'of Foniilihi· ·BN:1as characterized above have the.'same spectrum of anti­
bacterial; actjvity .·:but· we;,;~bst~ally: more active. Representative . rompounds of 
For.nnila:·XXIV· wherein-K"is bromirie;·ancf. the configurationis L~threo are given in 
the f~µ~wing tab1e: ·.·. · · .: · ·. •. · 
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i 
TABLE I · 

O>mpounds of Formula XXIV wh~ X is Bromine 

• R HR.1 Ra 

4A methyl trans-ethyl methyl 
4B methyl cis-ethyl methyl .. 
4C (7-bromo-7-deoxylincomycin) methyl trans-propyl methyl 
4D (7-bromo-7-deoxyallolincomycin) methyl cis-propyl methyl 
4E (7-bromo-7-deoxylincomycin E) methyl trans-propyl ethyl 
4F (7-bromo-7-deoxyallolineomycin E) methyl . cis'-propyl ethyl 
4G ethyl . trans-propyl methyl 
4H ethyl cis-propyl methyl 
41 methyl trans-butyl methyl 
4J methyl cis-butyl methyl 
4K methyl trans-propyl ethyl 
4L methyl cis-propyl ethyl 
4M ethyl trans-propyl ethyl 
4N ethyl cis-propyl ethyl 
40 methyl trans-butyl ethyl 
4P methyl cis-butyl ethyl 
4Q methyl trans-pentyl methyl 
4R methyl cis-pentyl methyl 
4S ethyl trans-butyl ethyl 
4T ethyl cis;..butyl ethyl 
4U methyl trans-pentyl ethyl • 4V methyl cis-pentyl ethyl 
4W ethyl trans-pentyl methyl 
4X ethyl .. cis-pentyl methyl • 4Y methyl trans-hexyl methyl . 
4Z methyl cis-hexyl inethyl 
4AA butyl tran8-propyl methyl 
4AB butyl cis-propyl methyl 
4AC . etliyl trans-pentyl ethyl 
4AD ethyl cis-pentyl ethyl 
4AB butyl trans-butyl ethyl 
4AF butyl cis-butyl eth l" y 
4AG butyl trans-pentyl . methyl 
4AH butyl cis-pentyl methyl 
4AI cycl.ohexyl trans-propyl methyl 
4AJ cyclohexyl cis-propyl methyl 
4AK butyl trans-pentyl ethyl 
4AL butyl cis-pentyl ethyl 
4AM pentyl trans-pentyl ethyl 
4AN pentyl cis-pentyl ethyl 

. Intermediates for the preparation ·of the above compounds correspond to the above 
table where (l) X is hydroxy; (2) Ra is hydrogen; (3) X is hydroxy and Ra is hydrogen; 

5 
(4) Xis hydroxy and Ra is oatbobenzoxy; (5) X is bromine and Ra is carbobenzoxy; 

5 (6) Xis hydroxy, Ra is carbobenzoxy, and HR.1 and Hin the +position are replaced 
- by the ylidene group, R1; (7) X is bromine, Ra is carbobenzoxy, and HR1 and H in • the 4-position are replaced by the ylidene group, Ri; (8) X i'S hydroxy, Ra is hydrogen, 

and HR1 and H in the 4-position are replaced by the ylid-ene group, R1; (9) X is 
bromine, Ra is hydrogen, and HR1 and H in the 4-position are replaced by the ylidene 

10 group, R1; (10) X is hyd:roxy, and HR1 and H in the 4-position are replaced by the 10 • ylidene group, R1; and (H) X is bromine and HR1 and. H in the 4-position are 
replaced by the ylidene group, Ri. 

W-hen the lincomycin in the above Example is replaced by alkyl, cycloalkyl, cyclo-
alkyl-alkyl or aralkyl 6-mnino-6,8-dideoxy-1-thio-D-eryt~D-galacto-octopyrano-

IS sides there are obtained compounds of the formula 15 
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w?erei~, R. ~s,_ f()f r;:x~ple, et11:y.J,,r\propyi,,butyl, pentyl, liexyl, h~Ptrt,-•Ac,tYJ,. iroilyl, :· ., · .. · , 
decyl, undecy~ df)dec::yl?· tridecy '" decYth. I~ ·pent8;d.e.21_ heth:xa~f,X, heptadecy

1
1,· occl~- ·: < ····· > 

d¢cyl., 00,nade<;rl, ; llDP. · e1cosyl, Qt . e ::oomer,i.c ,~'!Ji.i.us ereo , · cyclopropy , cy 9-
bu.tyl,, cyc,l~tYl/'cycloheq:~; o.beptyI~· _fy~l, ~metbylcyciopentyl, 2;3'- i :•'.:? . ., 
ditiieihyicycl.obutyl,. ~methylcyi' _ , .11.nd 3.:eyclopentylpr0pyl;: ~yl, phenethyl, 
3.:ph¢llylpropyl, 'al;id ~ria,Plith 1 

;yl which can bC acr,1ated'. by· the procedures 
describ¢d·in,ol;ll'd>penij.ing_a: · Ne>.:~2~9/66' ·(SerfalNo.:l,140,663) to form ... 

ti~riTue~x1t:.:~1~~~t:~xrrud$fuif:~~;:~~ !~~i~t~~~E=~-'~f ·' ···• ... fo 
By substituting the lincomycln by epiliii:comycin, there is obtaiµed methyl7-broino- . ·· 

6,7,8 - trideoxy -: 6 - (tians - 1 - methylL 4 - propyl ,. L -· 2 - pyrr()µdinecarb0xamid9)- ; , 
1-thio-a-octopyranoside (7•bromo-7-de:o"xy-Cpilinc001ycin) whiCh h,ils the. saine·.anti-·' ' 
bacterial spectrum as Iincomycin. The epilinoomycin is prepared aa:ording tO -the ·• 
following ex:ample: ·· · · ··. · · · · , · · ··· 15 

•.' Ex.AM~ 2 . ··.·.· .·.·....... .···. 
A. 7-Bromo-7-':deoxyepilincomycin . ; . : ·· < > . :· > 

The procedure of Example 1 substitiiting the. Iincomycin by epilincom.ycin yields.•· 
7-bromo-7-deoxyepilincomycin ()f the fon:nrila · · · · ·.: 

: . ·.~ . 
·.-.=~-.; 

:::=.·: ... 
Br 

' ... :' .:'._:.·. ;·. 
.· ... 

:-;:. : .. . . 

. ·. ·>::··· 

-:. :· .. 20 

OH 

. ;': '.~XVII 
.. : \ i' _: ·.: ·... . ~ :·: .. ·. .· . 

as the free: base and as .. the hydtqchloride. · . . . :':;' : ; , . . 
By ~bstituting eJ.>ilincomy'cin iii thiS.. example by ep~ncomyc~~nalogs of Fonniilll' 

II wheremZ, ~ R1, Rz; Ra di the:Ac group are as:given a~ lll'qstrated aboVe -:the _•:, 
correspondiilg 7-haJo:.. 7-deC>xyepil~cQmycin analogs of the formul~: · < • · ~ •. : : · .. .. . . 
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wherein Z, R, Ri, R2 and R-s of the Ac group are. obtained. The preparatidn af epi­
lincomycin and .anafogues thereof is described in British Specification No. 1,11'8,306. 
All the compound's that have been described abo'7e, therefore, have their counterpart 
in the opposite configuration, that is configuration derived from the 7-epi form. As an 
inversion is effected by the substitution of the 7-hydroxy by a Rydon reagent, the epi­
compounds which have the L-threo configuration, are converted to the D-erythro 
configuration. Thus event both the D-erythro and L-threo forms are obtained depending . 
on wl1ether the normal lincomycins (D-erythro) or the ep.i-lincomycins (L-threo) are 
used · 

WHAT WE CLAIM liS :-
1: A compound of the formula: 

OH 

I 

wherein R is alkyl of not more than 20 carbon atoms, t.-ycloalkyl or cycloolkyl-alkyl 
of from 3 to not more than 8 carbon atoms or aralkyl of not more than 12 carbon 
atoms and Ac is hydrogen· or the acyl radical of a 4-substituted pyrrolidine­
carboxylic acid~ the formula: 

j• I 
~pl 

N 

{A) ~ (~) 
OH 

0-·0H. 
.HR u 
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wherein z,! R, ~~<R2. anct R11 of the Ac group are obtained. The prepa!ation af epi­
lincomycin and analogi.:ies·'thereof is described in British Specification No. l,HS,306. 
All the compoWlds :tha(havc been described ab!)ve, therefore, have their counterpart 
in the opposite configufat~oo, that is configUra.tion ~ved from the 7;..epi form. As an 
inversion· i-s effected by the substitution of the 7;..hydroxy by a Rydon reagent, the epi­
compouncis which haye • the L-threo configuration, are converted to the D-erychro 
configuration. Thus eyent both the D-erythro and _L.threo fo:rms are _obtained depending 
on whether the noi;mal lincomycins (D-erythro) or the epi-lincomycins (L-threo) are 
used · . . .. . . 

WHAT WE 'CI.AIM..I;S: -
1. ··A: compoun(I of the formula: 

: .... ,.· 

SR 

OH 

I 

wherein ~ is ~lkYL of n0t: more than. 20 c~rl:>on !itoms, cycloalkyl or cycl-Oalkyl-alk.yl 
of from .. 3 to not m~e):ban 8 aa,rbon 'lltoms· or aralkyl of not more than 12 carbon 
atoms and . Ac is ·hyqrogen· or· the·· acyl radkai of a 4-substituted pyrrolidine-
carboxylic acid of the fonnula: . ·. 

-·. .. .. ' .·.• .·· 
.. ·'· 
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HRI' ·2 .•. : 

r· ~r ,.) 
\;H{ OB 
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N .. 

--~--" 1·. {C.) .. ·~·· •. -..·--_N_. · __ -(D·)' ···.· "Q .. " N .. · .. : .. ·. . . ·.. : · .. ; _. on,_. 

j. g---OH ~i . r-,-Oll °" . ' C'~~ 
_;__;:; . . . )-ll . . . '..•: : Q,. ' >- liR:L ;, •. • ij .•.. ·. : . 

w&ereiri Rt: ana 'R~ ; are ~J.ide& 1)f: not~ more 'than 2(fciirbon' atoills, cydoalkfllden~ 
Qr '-'Ycloalkyl-alkyli~ of fr~ 3 ~ -~ .more than 8 ai!blon ilto~, or_, aralkylidene 

Of· .riot;:rifure, than· 12 ~ atofiis; R~Js hjdrogcn or·HR~- and Z js·a: prOte_ctive :hydro­

~rbonylotj'-carbonyl or substitµted. hyd'rO~b6ny~-ca~\>onyl ~p w~ich is· remov"­

able -by .·eydtogenoly!is, ·trity4~ dipheilyl -~meth<>Xyphenyl)methyl', .•bi~(p"methoxy-

phenyl)phenyH:nethyl, beneyl or,p-njtrobCJ)zyL _ . . . . · ·- : .. · 

· · 2. A 00111.poundi-of the-farmuia: · ' .. · • · ·' '· -. · · '·-

· ··· · •• .. ··.·•···• r· :: -~· . ' .. ; -· 

····::..; 

"i" .. . ·, .. · ~ .. ·' . _,, -. ; .: ·.: . 
. . <: 

· ... "'. 

:.···:: 
· ... ·1. :: · .... '' 

'[ .: 

·, .. '. :::;:<. ." .. i.:;_ .:·' ...... 

wherein R, HR1, and HRa ~ lower_ alkyl of not more than 8 carbon .at<>ms, 

.... 3. -~ compc)U:nd:of. the·feittiu~: . : ". ; ; :• .· . :: 
:">> ... :~_'.:. 

··-·. 
IJ. f .: . , ~: '. ; . 

;.··· ·: .... 

. ~;: .->· · . 

.. ·=_·.,.. 

·:··' 

;,,·_· .. ;.' 

... ~. .···.: .: .. 

..... ·,. __ _ : 
.. -......... ::< .. Off".-' ~; 

wherein R and HR1 afe lower atkyi:M not mote than 8 carbon atoms. · ·. 

wherein R, HR1, and HR2 IJ1'C l()W'Cl' alkyl i>f not m6re thru:l 8 <:arbon atoms. 

4. A compound according 1.'0 ~im 2 wherein R is ritCd>}'l, HR1 is propyl, and HR2 

is methyl. ,_ · ,· · ·:• , ;; : _··.-• 
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5. A com.pound according to claim 2 wh~in R is methyl, HR1 is propyl, and 
~ is hydrogen. ·;- . 

6. A compound according to claim 2 whc;rem R is methyl, HR.1 -is propyl and 
HR2 is ethyl. · i . 

7. A compouru1 according to claim 2 wherein R is ethyl, HR1 is ptopyl, and 
HRa is methyl. -

8. A compound according to ~m 2 wherein . R is ethyl, HR1 i6 propyl, and 
H~ is hydrogen. _; · . 

9. A compound acc0rding to claim 2 wherein R is ethyl, H'.R.1 is propyl, and.HRa 
is ethyl. : 

10. A conipound according to claim 2 wherein R is propyl, HR11 is propy1, and 
HR.a is metbyL 

11. A compOund according to claim 2 wherein R is prapyl, HR1 is propyl, and 
HR2 is hydrogen. -

12. A compound according to claim 2 wherem R is propyl, HR.1 ·is propyl, a:tld 
HR2 is ethyl 

13. A compound according to claim 2 wherein· R is butyl, HR1 is propyl:, and 
HR11 is methyl. . . · · . · 

14. A compound _according to claim 2 wherein R is butyl, HR1 is propyl, and 
HR2 is hydrogen. . 

15. A compound according to claim 2 Wherein .R .is butyl, ~1 is propyl; and 
HRa is ethyl. . 

16. A compound according to claim 2 wherein R is methyl, HR1 is pentyl, and 
HRa is methyl 

17. A compound 6COOrding to claim 2 wherein R is methyl, HR1 is pentyl, and 
HRa is hydrogen. . · 

18. A compound according to claim 2 wherein R is methyl, HR.1 is pentyl, and 
. HR2 is ethyl. ·· . 

19. A compound according to claim 2 wherein R is methyl, HR1 is butyl, and 
HRa is methyl~ 

20. A compound according to claim 2 wherein R is methyl, HR1 is butyl, and 
HR2 is hydrogen. · · · . 

21. A compound according to c1a.im 2 wherin R is methyl, HR1 is butyl,, and 
HR2 is ethyl · 

22. A compound according to ·claim 2 wherein R is ethyl, HR1 is butyl, and 
HRa is methyl. · 

23. A compound according to claim 2 wherein R is ethyl, HR1 is butyl, and~ 
is hydrogen. . 

24. A compound aecording to claim 2 wherein R is ethyl, HR.1 is butyl, and HR2 
is ethyl. 

25. A compound according to c1a.im 2 wherein R is propyl, HR1 is butyl, and 
HRa is methyl_ . . ·. .. . .. . . . .· . . . . . 

26. A compound according to claim 2 wherein R is propyl, HR1 is. butyl, and 
HR, is hydrogen. . 

27. A compound according to claim 2 wherein R is propyl, HR1 is butyl, and 
HR, is ethyl 

28. A compound according to claim 2 where!n R is 1mtyl, HR1 is ·butyl, and 
HR2 is methyl. . 

29. A compound according to claim 2 wherein R is butyl, HR1 is butyl, and 
HR2 is hydrogen. · . : · _ . 

30. A compound according to claim 2 wherein R .is butyl, HR1 is butyl, and 
HRa is ethyl. . , · . · . 

31. A compound according to claim 2 Wherein R i$ cyclohexyl, HR1 is butyl, and 
HR2 is methyl. , . . 

32. A compound according to claim 2 wherein R is cyclohexyl, HR1 is butyl, 
and HR2 is hydrogen. · 

33. A compound according ro claim 2 wherein R is cyclohexyl, HR1 is butyl, and 
HR2 is ethyl. 

34. 7-bromo-7-deoxylincomycin. 
35. Thctprocess af making compounds of the formula 
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OH 

wherein halo is Chlorine ~ bromine ~~ R and Ac are ' a$ defined in ctairil T \ivhi.ch 
comprises reacting a-com~ of the f()rmula ' .· '., • · · 

'· .. · . ~ ; .. 

·:.<:: :.~ 

CH.3 
r-...___ OH 

AcNH ..... : ....... __ 

:,HJ HO 
~ ·~ .. 

! 
·-.. ~----"1*"··. '· 

---- ·'--·--··--J __ .. : ~ ·-·· 

' 

j:: .·· 
. .:.\ ·., 

· j . OH ·· ., 

with Rydon reagent at an;~wtea'bnper~ in an inert solvent: : '.:: 
36. A· process ac¢'ordfug to !claim _35 wherein R is alkyl of not more than 20 

ca:bon atoms ~ Ac is ~e a~~dicitl of a 4-substituted-L,2.;:pyrrolidinecarboxylic 
acid of the formula \! ~· · · 

• ·'. ' ··~ ...... 4 ..... ·:· ::~· 

wherein Ri and R2 are alkyliden¢.Qf'no.t more than ~,O&rboo\a.tomS, cycloalkylidene 
or cycloalkyl-alkylidene of~ 3 t(): nOt: more than g·carbon a~, or aralkylid'ene 
of not more than 12 carbon atbDl,S;-.and Ra· is hyd:rogen or HR.2. . . 1 I . ' 

37. A pr<JCCSs for makitjqffl:..b?1~7-<leoxylinc~ytjn .D· and:. analogues and iso­
mers thereof which compcl~sd~ti$g a compotjtid of ~e general fo,r1DUla: 

': : '· ):r"·~--· .~~; . '-' " 
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with a compound of the general formula: 

z ~\\ 

I 
N 

~~ OH 

l 0 

to a compound of general formula: 
z. 

N 

HRl 

0 .__NH 

II 
0 

OH 
wherein R and R1 are alkyl of not more than 2() carbon atoms, cycloalkyl or cyclo­
alkyl-alkyl of from 3 to not more than 8 carbon atoms, or :aralkyl of not more than 
12 carbon atoms, Z is a hydrocarbonyloxy-carbonyl or substituted hydrocarbonyloxy­
carbonyl protective group, and then removing the Z group oo form a com.pound of the 
gene:ml formula: 

OK 

where R, Rl are as given above. 
38. The process for preparing 7 ... lJalo-7-deoxy-lincomycin D and analogues and 

isomers thereof which cam.prises reacting a compound having the general formula,: -
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wherein: R: arid· R1 aj:~, alkyl of ;no{:#l,fu.e ·than 20 carbon a~<>ms/(;ycloalkyl or cyclo­

alkyl-alkyl '(}f fronl. :3: to not mare than:~, carbon atoms, or .. -~l;of not more than 

12 carb0n at0ms; :an,a Z is a hydroCarbOriyloxy-car.bonyl or SuJ;stitut¢d hydrocarbonyl­

oxy-carbO~y 1 worective group, with: a chlopiutting or bron;iliiarlng ,Rydion reagent at 

a temperature ;effective to replace the: ?;:•hydic:);xy group with cltlorine or bromine then 

removfug the:z; grotip to form a compoUn_d:Of the general formula:·-···.·: · 
H .. 

: ... · .. 

I 

.ID\Q~;~ 
. ' Q ., ·:-.>.:.:" 

:·.\.;.·. 

::. .. : •:,-

.. :. ~( . , .. :-:.-

: ... ,.,.. :=.; · · · OH: .. 

wherein. R a11d R~ ~e-as given ~oove: arid-~ i~ cluori,ne ot bronlinf/i. 

39.' A: proces(for t11e ~tioil' of a cOnipowid as :'claimed in any Of claims 1 

to 34 stibstantiall:faS herejn,~bed with:re.fa;enee;to$e E;ainp~. 

~{)~ A. eomJ?<>Wld as~ in any Qf'Clai1Jls·:l to 34.~hen'ptepared by a process 

as chumed. m cla1111s 35 to 39~::~ . .. : , . · • ·• .:· ,·'•' · 
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