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COMPLETE SPECIFICATION 

· Lincomycin Derivatives 
We, THE UPJOHN COMPANY, a corporation ~rganized and exi'Sting under the laws 

of the State of Delaware; United States of America, of 301 Henrietta Street, Kalama­
zoo, State of Michigan, United States of America, do hereby declare the invention, for 
which we pray that a patent may _be granted to us, and the method by which it is to 
be per~ormed, to be particularly de!lcribed in and by the following statement: - 5 

This invention relates to· new lincomycin derivatives, and is particularly directed 
to 7 - chloro 7 - deoxylincomycin and 7 - chloro - 7 - deoxyepilincomydn and analogues 
and isomers thereof· and to proces~s whereby these and other lincomycin derivatives · 
are produced. · ·. · .. · . ·\· 

The novel ~mpounds · acc0rding· to the· invention have the following structural .10 
formula:~ · · · . . .. ·· . . . 

OH ..•• I 

wherein R is aJkyl ·of not more tha~ 20 carbon ato~s, advantageously not ·more than 
8 carbon atoms, cycloalkyl or. cycloalkyl-alkyl. of from 3 to not more ·than 8 carbon 
atoms, or aralkyl ·of not more than 12 carbon atoms, advantageously not more than 8 
carbon atoms; and Ac is hydrogeiJ. or the acyl ra.dical of a 4-substituted-L-2-pyrroli-
dine-carboxylic acid of one of the formulae: - · · 
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wherein R1 and R2 are alkylidene of not more than 20 carbon atoms (including methy­
lene) and advantageously not more than 8 carbon· atoms, cycloalkylidene or cycloalky 1-
alkylidene of from 3 to not more than 8 carbon atoms, and aralkylidene of not more 
than 1.2 carbon atoms, advaiitageot,isly not more than 8 carbon atoms; and Ra is hydro­
gen or HR2 and Z is a protective hydrocarbonyloxy-carbonyl or substituted hydrocar­
bonyloxy-carbonyl . group which is removable by hydrogenolysis, trityl, diphenyl (p­
methoxyphenyl)methyl, bis - (p - metho:ityphenyl)phenylmethyl, benzyl, or p - nitro-
benzyl. · · . . . 

The particularly preferred compounds of the invention are those in which Ac 
is a radical of the formula A or B. · 

Examples of alql of not more than 20 ·carbon atoms (R, HR:i.. and HR2) are· 
methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, 
tridecyl, tetradecyl, pentadecyl; hexadecyl, heptadecyl, octadecyl, noaadecyl, and eicosyl 
and the isomeric forms thereof. Examples of cycloalkyl and cycloalkyl alkyl are cyclo­
propyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, 2-methylcyclopentyl, 
2,3-dimethylcyclobutyl, 2-methylcyclobutyl, and 3-cyclopentylpropyl. Examples of 
aralkyl are benzyl, phenethyl; 3.,phenylpropyl, ·and 1-naphthylmethyl. Examples of 
alkylidene, cycloalkylidene, · cycloalkyl alkylidene and aralkylidene groups (R1 and Ra) 
include methylene, ethylidene, propylidene, butylidene, pentylidene, hexylidene, heptyli­
dene, octylidene, nonylidene, decylidene, undecylidene, dodecylidene, . tridecylidene, 
tetradecylidene, pentadecylidene, hexadecylidene, . heptadecylidene, octadecylidene, · 
ilonadecylidene, eicosylidene, and the isomeric forms thereof, cyclopropylidene, cyclo-

. butylidep.e; cyclopentylidene, eyclohexylidene, cycloheptylidene, cyclooctylidene, 2-
cyclopropylethylidene, 3-cyclopentylpropylidene, benzylidene, 2-phenylethylidene, 3-
phenylpropylidene, and 1-naphthylmethylene. . · . . 

The novd compounds of the invention, Formula I, can be prepared by replacing 
by chlorine, the 7-hydtoxy of a compound of the formula 

B II 

The replacement is effected by mixing the starting compound of Formula U with 
thionyl chloride :md heating. F?r example, whe:n a compound o_f .Formula IIA (that is 
to say when Ac .1n Formula II IS that of the aad of .Formula AJ 1s used as the starting · · 
compound, a novel compound of Formula IA (that 1s to say when Ac in Formula I is 
that of the acid ~f F~ula A)~: is obtain~d. When ~his comp~und or the starting com­
pound (Formula IIA) n. hydrogenated ·with .a catalyst e.ffect1ve to saturate an olefinic 
double bond, a ·compound.of Formula IB (that is to say when Ac in Fcrmula I is that 
of the ·acid of Formula B) is obtained as a mixture ·of cis and trans epimers according 
to the formulas · 
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and IV 

which, if desired, can be separated by counter current distribution or chromatography .. 
When Ra in Formulas B, IB, and IIB (that is· to say when Ac in Formula II is \ 

that of the acid of ·Formula B) is hydrogen, it ~ be replaced by suitable alkylation or 
like procedure. Advantageously, this replacement is effected by reacting the compound 
according to FormuJa B, IB, .or IIB, wherein Ra is hydrogen with an oxo compound 
(an aldehyde or a ketone) and· hydrogenating the resulting adduct with a catalyst 
effective to saturate an olefinic double bond. Either platinum or palladium can be · 
used as the catalyst. Sliitable oxo c~mpounds have the formuJa R,R.CO where ~R_,C= 
is the same as R2 given above. Examples of suitable oxo compounds are formaldehyde, 
acetaldehyde, propionaldehyde, butyraldehyde, acetone, isobutyl methyl ketone, benzal­
dehyde, phenylacetaldehyde, hydrocinnamaldehyde; acetophenone, propionphenone, 
butyrophenone, 3-methyl-4-phenyl-2-butanone, 2-methyl-5-phenyl-3-pentanone, 3-
cyclopentanepropfonaldehyde, cyclohexaneacetaldehyde, cycloheptanecarboxaldehyde, 
2,2-dimethylcyclopropylacetaldehyde, 2,2-dimethylcyclopropyl methyl ketone, cyclo­
pentyl methyl ketone; ·cyclobutyl methyl ketone, cyclobutanone, cyclohexanone, 4-
methylcyclohexanone, and the like. . · 

.· The starting compounds of Formula II are described in British Pate~t Specification 
No. 1,118,302. They are prepared by acyJating a ,?>mpound of the formula . 
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wherein R is as given above,· with a 4-substitUted-L-2~pyttolidinecarboxylic acid of 
Formula A or B. This .. acylation and like acylations referred to herein can be effected 
by procedures already well known m ·the· art for acylating amino sugars. The starting 
acid of Formula· A can be prepared.by reacting a 4-oxo compound of the formula . . . . : . 

z 

. f ' 

~N"J -/-f'j <•>oo 

0 

.. 

wherein Z is a protective hydrocarbonyloxycatbonyl or substituted. Iiydrocarbonyloxy­
carbonyl group which is removable by hydrogenolysis, trityt, ·i.e., triphenyhnethyl, di­
phenyl(p-methox.ypheliyl)methyl, bis - (p -~ methoxyphenyl)phl".nylmethyl, benzyl or p­
nitrobenzyl, with a Wittig agent, e:g., an alkylidenetriphenylphosphorane [see e.g., 
Wittig et al., Ber., 87,· 1348 (1954); Trippett, Quarterly Reviews, XVII, No. 4, p. 406 
~1963)). Examples of optionally substitute4 hydrocarbonyloxycarbonyl groups (Z) are 
tertiary-butoxyearbonyl; benzylOX}'carbonyl groups of the formula 

wherein x is hydrogen~ nitrO; m~thoxy, cbloro, or bromo, for example, carbobeozoxy, 
p-nitrocarbobeozoxy, p-bromo-, and p-chlorocarbobenzoxy; · and phenyloxycarbonyl groups of the formula · · 

~-er-·-. - -1 . ~ A· . . 

wherein X1 is hydrogen, allyl, or alkyl of not more than 4 carb0n atoms, sach as pheny­
loxycatbonyl, p-tolyloxycarbonyl, p-ethylphenylo:xycarbonyl, and p-allylphenyloxycar-
bonyl and the like. . . .' .'. . · .. . · In carrying ciut this proceilS t!te~ 4-oxo-L-2-pyrroli~ecarboxylic aci~ (Formula C) as added to a freshly prepared W1ttag reagent. The \Vittag reagents herein used can be generally represented by the folloWiq formula: . . . : · · . · 
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I 
wherein R1 is as given above. These Wittig reagents are prepared· by reacting an alkyl, i· 

I 

I 
cycloalkyl, cycloalkyl-alkyl . or aralkyltrlphenylphosphonium ·halide. with a base such as t 

sodamide, or i:odium or potassium hydride, or the sodium or potassium metalate of I 
5 r· s dimethyl sulphoxide and the like. For example, the elimination of hydrogen halide from t· 

I alkyltriphenylphosphoniuin halide, produces alkylidenetriphenylphosphorane. [The pre- t 
I · paration of phosphoranes is discussed in detail by Trippett, Quart, Rev. XVII, No .. f I 

I 4, p .. 406 (1963)] • ·The· reaction is generally carried out in an organic solvent, such as 
benzene, toluene, ether, dimethylstilphoxide, tetrahydrofuran, or the like, at temperatures [ 10 . between tooc. and the reftux temperature of the reaction mixture. ne thus-obtained 10 
product, a 4-alkylid.ene-, +CJdoalkyliden~, or 4-aralkylidene-1-pr0tected-L-proline 
which. has the following formula · I 

bt z ~: 
:d ., I 1g 

5 .Pl-=) , I r. r 
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I 

i:· 

0 .. f.: 
r· 

I [ 
. I is recovered from the reaction mixture In . a conventional manner, generally ·by extrac- r ., 

15 tion from aqueous solutions of the reaction mixture. The crude product can be puri- ·IS 
lied by conventional means, 'Such as recrystallization; chromatography, or formation and f 

i reerystallization of easily formed derivatives such as amine salts of the amino acid, L 
I e.g., the dicyclohexylamine ult, and the · 1ike, and liberating the amino acids from 

1· 
such compounds. By hydrogenating an acid of Formula Din the pres~nce of a catalyst, f. 

20 e.g;, platinum, which is effective to saturate a double bond, but which is ineff~ctive 20 
to effect. hydrogenolysis, ·a ·compound of the following formula · · .. 

10 ·,. 

z ... l . .. . . . . 

I Q~~ 
.. 

15. 
I HR1 ! . . 
I 

I 

l is obtained. Platinum deposited on a carrier, e.g., carbon or an anion exchange resin 

r 
l like Dowex-1 (Registered Trade Mark), a cross-li11ked polystyrene trimethylbenzyf-. 
I 25 ammonium resin in the hydroxide cycle is suitable. If desired, the starting compounds 25 
! of Formula V can be acylated with acids of Formula C, D, or E to form compounds . 
l IIC, IID, and IIE; respectively. ~mpound IIC can then be converted to compound 

IID by treatment with a Wittig reagent and compound IID hydrogenated to compound .. 

r· IIE by the procedures given above. The hydrogenation, both of the acid D and the 
30 acylate IID, g_iv~ a mixttlre of cis and trans epimers· which, if desired, can be separated 30 

20 
by counter current distribution or chromatography. The starting acids of Formula B 

~· in which Ra is hydrogen are. obtained when an acid of Formula D or E is subjected 
to hydrogenolysis over a palladium catalyst, e.g., palladium on carbon. Likewise, com-

35 
pounds of Formula IID and IIE are· converted to coi.npounds of Formula IIB in which 
Ra ·is hydrogen by the~ process. The starting acids of Formula B in which R 1 is 35 
hydrogen ts '!ell as. compoUnds of Formula IIB in which ~a is hydrogen· can be con- . 

' 
vetted respecuvely to compounds of Formulas· B and IIB 1n which Ra is· HRa by t:he . 

' procedures given above~ The starting acids <)f Forntu1a A are· obtained by· treating· an 
! 
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acid of Formula D with hydr:ogen bromide in acetic acid to remove the z. group and · 
then replacing the N-hydrogen with an HR2 group by the pr:ocedure given abm.·e. 
Compounds of · Formi.ila IID and· .IIE. are ·converted to compounds of Formula HA . 
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and IIB, respectively, by the same process. · . . . . ... · 
Some of the starting compounds . of Formula II are obtained b1osynthet1cally .• 

Lincomycin, methyl 6;8 - dideoxy - 6 - (trans - 1. - me~hyl - 4 - propyl - L - f -
pyrroli~inecarboxainido) --; l- thio - D - .erytliro: a - o· : galac!o - octopyranosi~e, 
is obtained as an elabor:atton product of a lincomycm".'produc1og act100mycete accordmg 
to British Patent Specification No. 976;765. It has the following.structural formula: 

R' 
J . OK' 

·~._:__,__ 
0 

VI 

.. 

wherein R and R3 are methyl and R,H is propyl. Lincomycin B~ niethyl 6,8 - dideoxy ·~ 
6 - (trans - •l - methyl - . 4 - ethyl - L - 2 - pyrrolidine - carboxamido) - 1 - thio - D -
erytltro - a - D - galacto • octpyranoside (Formula VI wherein R and Rs are methyl 
and -R1H is ethyl) is described in British Patent Specification No. 1,096,841. Lin­
comycin C, (S - ethyl - ·S - demetbyl - lincomycin) ethyl 6,8 - dideoxy ".' 6 - (trans -
1 - methyl - 4 - propyl - L - 2 - pyrrolidinecarboxamido) - 1 - thio- D - erytkro -
a - D - galacto - octopyranoside (Formula VI wherein R is ethyl, -R1H is propyl, · 
and Rs is methyl) is described iD British Patent ·Specification No. 1,087,882. Lincomy­
cin D, methyl 6,8 - dideoxy - 6 - (trans~ 4 - propyl - L - Z - pyrrolidinecarboxamido~ -
1 - thio - D - erythro - a -: gaJacto - octopyranoside (Formula VI wherein R is methyl, 
-R1H is propyl, and Rs is hydrogen) is ~escribed in British J>at~t Specification No. 
1,102,835. . . . 

N - demethyllincomycin B, 4 methyl 6,8 - dideoxy - 6 - '(trans - 4 - ethyl - L - . 
2. - pyrrolidinecarboxamido) - 1 - thio - D - erythro - a - D - galacto - octopyrano­
side (Formula VI wherein R is methyl, -R1H is ethyl and Ra is hydrogen) is also pro­
duced in the fermentation of British Patent Specification No. 1,102,835. . . 
· Similarly, lincom:ycin K, ethyl 6,8 - dideoxy - 6 .,; (trans - 4 - propyl - L - 2 -

pyrrolidinecarboxamido) - 1 - thio - D - erytkro - a - D - galacto - octopyranoside 
(Formula VI wherein R is ethyl, -R1H is propyl, and Ra is hydrogen) is produced 
when the fermentation of the British Patent Specification 976,765 is .carried out in the 
presence of added a-ETL, ethyl 6 - amino - 6,8 - dideoxy - 1 - thio - D - erythro -
a -. D - galacto - octopyranoside, a compound obtained. by the hydrazinolysi'S of Jinco­
mycin C as described in British Patent Specification No. 1,097,926 S - ethyl - SN -
didemethyltincomycin B, ethyl 6,8 - dideoxy .- 6 - (trans - 4 - ethyl - L - 2 - pyrroli­
dinecarboxamido) - 1 - thio - D - eryfhro - a - D - galacto - octpyranoside (Formula 
VI wherein R is ethyl, -R1H is ethyl, and Ra is hydrogen) is also obtained when a­
ETI. fs added to the fermentation of the above )Jritish Patent Specification 1,097,926. 
The above-described N-desmethyl products are examples of compound JIB wherein 
R:i is hydrogen. By the procedure described above replacement of the N-hydrogens · 
produces compounds of Formula IIB wherein R, equals HRz, e.g. methyl 6,8 - dideoxy-
6 - (trans - 1 - ethyl - 4 - propyl - L - 2 ·- pyrrolidinecarboxainido) - 1 _. thio - D ~ 
erythro - a - D - galcrcto ·: <?ctopyrano~i~e, ethyl 6,8 ,- dideoxy - 6 - (trans - .1 - methyl-
4 - ethyl - L - 2 - pyrrohdinecarboxam1do) - 1 - th10 - D - erytkro - a - D - galacto -
octopyranoside, and methyl 6;8 - dideoxy - 6 .. (trims- 1 - ethyl - 4 - ethyl - L - 2 -
pyrrolidinecarboxamido) - .i · - thio -· D - · erytkro - a - D ~ galacto -· octopyranoside. . 

Lincomytjn or .any .Of .the starting compounds of Formula II which has .the D­
erythr.o configuration .can 1?C ,convened to the L-threo configuration: by oxidizing t11e 
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7-hydroxy group to a 7-oxo group and reducing the latter to a 7-hydroxy group. A 
suitable procedure for this purpose is illustrated in the. following sequence: · 

Ac 
·u 

CH . 

' 

cu, 

. OH 

VII 

· acetoDe 

x 

NaBH4 

.Hn---

Ac&-··--- VIII 

) 

1 
cu, 

• . 

IX 

For example, lincomycin On treatment with acetone in the presence of p-toluene&ul­
phonic acid is converted to 3,4 - 0 - isopropylidenelincomycin which on oxidation with· 
chromic oxide gives 7 - dehydro - 3·,4, - 0 - isopropylidenelincomycin, methyl 6,8 -
dideoxy - 3,4 - · 0 - isopropylidene - 6 - (trans - 1 - methyl - 4 - propyl - L - 2 -
pyrrolidinecarboxamido) - 1 - thio - D - glycero - a - D - g.alacto - octanopyranos -
7 - uloside, which on treatment· with sodium borohydride is converted to 7 - epilinc07-
mycin, methyl 6,8 - dideoxy - 6 - (trans - 1 - methyl - 4 - propyl - L - 2 - pyrrolidine-

. carboxamido) - 1 - thio - L .,. tlzreo - a - D - galacto - . octopyranoside. Any of the 
starting compounds of Formula II having a D-erythro configuration can be converted 
to the corresponding L-tlzreo configuration by this procedure. . · 

As the biosynthetic-produced lincomycins, as well as the amino sugars derived 
therefrom, are either ·methyl or ethyl thioglycosides, it is sometimes desirable to C('ln­
vert them to .higher or .Jower glycosides .. It is also sometimes desirable to convert any 
of the compounds of Formula!! I, II, or V to higher or lower glycosides. This can 
effectively be accomplished by reacting the compouild to be converted with a mercap-

. tan of the formula ~SH wherein Re is an alkyl ·group of. not more than 20 carbon 
atoms, but one different from R and cyclizing the ~ting dimercaptal For example, 
c:Ompounds of Fonnula I and II on' reaction with a mercaptan of Formula R,,SH 
produce dithioa~ls of the formula 
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wherein ·x is· bydrox1 or chlorine, which on tl'Catment with acid or on heating, eitner 
in the presence of aad or ·not, are recyclized to a compound of the following formula: 

OK 

S . -· !fte process can· be applied directly to ·an:y of the staning prod~s of Formula. II,·. 
1.e., IIA, IIB, IIC, IID, and IIE. The resultmg prodticts can be sub1ected to hydraZJno­
lysis to form compounds· of the following formW,a: 

10 

15 

CH3 · 

-~ 

XIXI 

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 be applied to the starting c0mpounds of Fonnµla V. For example, ~MTL on 
treatment with ethyl mercaptan followed by cyclization as described above· is converted · 
to a-ETI.. a--MTI.. is the S-methyl analogue of a-ETL. It is described in British 
Patent Sptcifi.cation No. 1008647. . · ·. · . · • 

An alternative process for miking compounds of Formula XII o:t Formula XIII 
is to brominate tlte starting material. (Formulas I, II, or V) and then react the product 
with a mercapaan according to the follo~ing _sequence: . · · . . . 

. .· •. 
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25 . \ 

XIV XVa 

~o 

OH 

XVb 

OH 

The starting compound, XIV, is dissolved in water as a soluble salt, e.g., the hydro­
chloride, and bromine added with cooling advantageously to between about · - 10 end 
20°C. It is sufficient if the aqueous solution is cooled to about 0°C. and the bromine 
added dropwise. The stoichiometric amount of bromine is 1 mole for each mole of 
starting compound, though more or less can be . used. Advantageously a slight exceFs, 
say from 5 to 20% excess, of bromine is used. The bromine initially replaces the RS­
group and the resulting intermediate hydrolizes to the sugar in 'which the pyranose 
form. XVa is in equilibrium with the aldo5e form XVb. In the pre!!ence of acid, e.g., 
hydhocMoric acid or other . strong non-oxidizing acid ·such as p-toluenesulphonic acid 
and sulphOnic acid type anoin exchange resins, the mercaptan RGSH reacts with the 
sugar XV to form· the thioglycoside XVI. Concomitantly some diacetal may be formed 
which after separation can be cyclized as described above to form m:ore of the de111red 
thioglycoside XVI. . . · . 

The mechanism by which thionyl chloride effects the substitution of the 7-hydrc-xy 
by chlorine is not fully understood. The mechanism is sucl! that a change in config­
uration. results. Thus a 7-hydroxy compound of the D-eryfh1·0 configuration yields 
a 7-chloro compound of the L-threo configuration. For example, 7-chloro-7-deoxylin­
eomycin which is .derived from lincomycin ·and has "the D-erythro configuration, have the 
L-threo configurati~: It has been. tentatively established, however, that the process 
goes through a series of intermewates in accordance with the following sequence: . . · 
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wherein Ac and R- are as given above. Inteiriiediate XVIIa is the 3,4-cyclic sulphite · of the starting material II. and has the following form11la: 

XVII a 

o.s 

wherein X is hydroxy. Intermediate· XVllb is· the corresp<mding · 3,4-qclic sulphite of the 7-chloro compound (F~ula I) and.is represented by Formula XVIIa wherein x is chlorine. Intermediate xvnr may be a bis-sulphite of the 3,4-cyclic sulphite of the 7-cbloro compound whicll can be represented. by the following formula: 
...... ·. 
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If desired, eaclt ·of the three intermediates, XVIIa, XVIIb and XVIII can be isolated during the cOUl'se ·of the reaction. All that is necessary, however, to effect the sub&ti­tution of the 7-hydroxy by chlorine is to mix the starting compound of Formula II or V, advantageously in the form 9f an acid-addition salt, e.g., the hydrochloride, with thionyl chloride, advantageously in the presence of an inert solvent, with mild heating, adva~tageously at reflllx temperature; until the desired stlbstitution of the 7-hydroxy group by chlorine is effected. Advantageously, the reaction. is carried out in an inert · atmosphere, e.g., under ni.ttogen. Carbon tetrachloride caQ · be used effectively as the solvent vehicle but other inert solvents such as chloroform, methylene chloride, ethylene· chloride, ether, benzene, and the like can be used. A satisfactory procedure is to f.tir the reaction· mixture at room temperature for a considerable period, say from ab'>ut . 1 to 118 hours or as long as necessary to obtain a ·reasonably-clear solution and then~ to raise the: temperature to between about 50 and 100°C., for example, to the reflux temperature (77°C. for carbon tetrachloride);· After the reaction is complete, usually · after heating at reflux for about 1 to 5 hours, the reaction mixture is allowed to cool, advantageously under nitrogen. Any material that separates on the cooling is collected and dried. The solvent is removed by vacuum disti1lation at.a pot temperature advan­tageously less than about 35°C. and the material which precipitates is collected and dried and treated· with · ethanol to convert any residual sulphite intern1ediates to the desired product. The collected material can then be further purified by solvent extrac­tion and/or recrjrstallization and can be recovered either as the free base or an acid addition salt~ . : . · . . ·· · The proportions of the reagents can be varied widely. Stoichiometrically, however, at least 3 moles of thionvt chloride is required for each mole of starting compound .. ·. Any larger amount c~n be . used but ordinarily it is not necessary or desirable . to use more than about a 10 fold excess. Advantageously, an exces.o; of about 2 to 3 fold is used. The amou.nt of solvent is not critical and can be varied widely in accordance \vith the practices in the art. Ordinarily from about 15 to about 30 volumes of 'Solvent for each. part of solid starting compound will suffice. The proportion of solvent. to thionyl · chloride, however, is important because of the solubility of the product in thionyl chloride. If the ratio of solvent to thionyl chloride (v/v) is high, the desired product. precipitates on . cooling of the reaction mixture and the Work up of the product is simplified. For example. with carbon tetrachloride a mixture of products precipitates · directly on cooling the reaction mixt1,1re if the v/v proportion of carbon tetrachloride to thionyl chloride is kept above about 10 to 1. . · · 
The compounds of Formulas IA, IB. IIA, IIB, and Vexist either in the protonated or non-protonated forms according to the pH of the environment. The protonated form is presented as an acid-addition salt and the non-pr<itonated form as the free base. The free bases can be converted to stable acid-'addition salts by neutralizing the &ee base . with the appropriate acid to bet~ about pH 7.0, and advantageously to about pH 2 to .. pH 6. Suitable acids for this purpose include hydrochloric, sulphuric, phosphoric, thiocyanic, ftuosilicic, heXaftuoroarsenic, hexaftuorophosphoric, acetic, succini<; citric, · lactic. • maleic, ~aric,. pamoic,. choli7 p~lmitic; mucic,. C8IJ!Phoric, glutaric, glyco1ic, phthal1c, tartartc, Jaunc, steanc, sahcyI1c,_ 3-phenyJsabcycl1c, S-phenylsalicyclic, ·3_ . . . . 
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methylglutaric, orthosulphobenzofc;;. cyclopentanepropionic, 1,2-cyclohexanedicarboxy Jic, 
4-cyclohexanecarboxylic, octadeceriylsuccinic, octenyli:uccinic, methanesulphonic, ben­
zenesulphonic, helianthic, . Reinecke's, dimethyldithiocarbami~, cyclohexylsulphamic, 
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. · . 

hexadecylsulphamic, octilClecylsulphamic, sorbic, monochloroacetic, undecylenic, 4' - . . 
hydroxyazobenzene-4-sulphonic, octodecylsulphuric, pimic, benzoic, cinnamic, and like acids. · . 

The acid-addition salts can· be used fot the same purposes ·as the free base or thry 
can be employed to upgrade the same. For example, the free base can be converted 
to a water-insoluble salt, such as the picrate, which can be ·subjected to purification 
procedures, for example, solvent· extractions and washings, chromatography, fractional 
liquid-liquid extractions, and crystallizatiou imd theu 11sed to ·regenerate the free base · 
form by treatment with alkali or to make· a different salt by metathesis. Or the free base 
can be converted to a water-soluble salt,. such as the hydrochloride or sulphate, and the 
aqueous solution of the salt eXtracted with various water-immiscible solvents before 
regenerating the free base . form by treatment of the thus;.extracted acid solution or 
converted to another salt by metathesis. The free bases of Formulas IA, IB, IIA, JIB, 
and V can be used as buffers or as antacids. The cc>mpounds of Formulas I, II, 1tTJ.d 
V react with. isoeyanates to form . urethane8 and can be used to modify polyurethane · 
resins. The long chain compounds, i.e., where HR2 is alkyr of from 8 carbon atoms up, 
have surface active properties ·and can be used as wetting and emulsifying agents. The 
thiocyanic acid addition salt wh~n condensed with formaldehyde fonns resinous mat-
erials useful as pickling inhibitors according to U.S. Patents 2,425,320 and 2,606,155. 
The free bases also make good vehicles for toxic acids. For exam.pie~ the ftuoi:ilicic add 
acid addition salts are ·useful· as mothproofing agents according to U.S. Patents 
1,915.334. and 2,075,359 and the hexaftuoroarsenic acid and hexafluorophosphoric acid 
addition saltS are useful as,parasiticides according to U.S. Patents 3,122,536 and 3;122,552. . . . . . . . . . .. 

The close analogues of 7-chlorcr7-deoxy lincomycin, i.e., :where -R1H is cis or 
trans alkyl of not more than s· carbon atoms; R3 is methyl or ethyl; R is alkyl of not 
more than 8 carbon atoms, have anti-bacterial. properties, and some are comparable or 
superior to lincomycin and c:an be used for the same purposes as lincomycin. The cor-
responding ·compounds \Vhere ·Rn is hydrogen have like antibacterial properti~s, and_ 
moreover have improVed Gram-negative activity. The other analogues and isomers 
have similar antibacterial l)ropeities but to a lesser -degree ~nd can be used for the same 
purposes as lincomycin where larger amc>unts are not objectionable. 

The following examples are illustrative of the process arid products of the present 
invention but -are not to be construed as limiting. The parts and percentages are ·&y 
weight and the solvent ratios are by volume ·unless otherwise specified. . 

. .. . EXAMPLE l . 
7 - Chloro - 7 - deox.ylilicomycin [~hyl 7 - chloro - 6,7,8 - trideo;xy .. 

· 6 - (trans - 1 - methyl - 4 - propyl - L - 2 - pyrrolidinecarboxamido) - ' 
· . · . 1 - thio - L ... threo - a: .:. D - galacto - oc~noside. . . 
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A. The free base. · · 

A suspension of 221.0 g. (O.S mole) of lincomycin hydrochloride in 5 1. of carbon 
tetrachloride was stirred well at 25° under nitrogen. 900 ml. of thionyJ chloride was 
-added all at once and stirri.ng continued for 2° hr. During this period the solid dissolved 
and a clear solution was obtained. The reaction mixture was heated at reflux for 2 hr., 
the heat source then removed and nitrogen bubbled into the amber solution until the pot 
temperature dropped to 25°. About 4 :1. of liquid was removed rJia vacuum distillation 
at a pot temperature of less than 35Q. The yellow solid which precipitated during thiS' 
distillation was collected and dried. This solid was dissolved in about 300 ml. of meth­
anol, cooled at 25°, µiade basic (pH 11) with dilute aqueous sodium hydroxide solution 
(2N), diluted to about 1200 ml. with- water and extracted well with ether. The ether 
extracts were combined, washed with a small amount of water,_ dried over anhydrous 
magnesium sulphate'. and filtered. On evaporation of an ·aliquot of the combined ether 
extract 7 - chloro -. 7 - deoxylincomycin free base is obtained as a yellow amorphous 
solid. - . 
B. The hydrochloride · ._ -

Addition of hydrogen chl_oride gas to the filtrate of part A resulted in the precipi­
tation of 7 - chioro _ .. 7 -·deoxylincomycin hydrochloride which was 5eparated and re­
crystallized from ethanol alid ethyl acetate, A 32%. yield of white, crystalline 7 -
chlOro. - 7 - deoxylincomyclil hydrochloride solvated with' approximately one molecular 
proportion of water was obtained. -

. Anal. Calcd. for C1slla11ClN201S.HCl.H20 
C, 45.18; H, 7.37; - a, 14.82; N, S.86;. S, 6.70; H20, 3.77. 

Folind: - C, 44.70; :ff, 7.6S; a, 14.27; N, S.78; S, 6.4S; H20, 3.85. 

-[a] HDO + 130? (C--0.98S8 g./100 mL) •. 

Activity: About 4 to 8 times lincomycin. 
Antibacterial ·sped:rum : Sam~ as lincomycin. 

ExAMPl..E 2. 

.. 

7-chloro-7-deoxylincomycin free base. - - . 
The process of BxamplC 1, part A, was repeated except that methylene chloride was 

- used- in place of ether as the extracting solvent and the combined extracts were filtered 
and evaporated to dryness. There was obtained a 64% yield of 7-chloro-7-deoxylinco­
mycin free base as a yellow amorphous solid. 15 grams of this amorphous solid was ad­
sorbed on 30 grams of silica gel in methylene chloride, dried and sifted onto a 3 ..tnch 
diameter coli:Imn _of 1500 grams of silica gel. The colllllln was -then eluted with a mix­
ture of m~hanol' alid chloroform. in the pn>portions of 1 to 19, respectively, in 200 nil. 
portions after a 2 liter forerun. Fractions 26, 27, and 28 we~ pooled and evaporated to 
dryness yielding rl.04 grams of _essentially pure 7-chloro-7-deoxylincomycin free base as. 
an amorphous solid ·having an antibacterial Spectrum. of the same scope and magnitude 
as the 7-chl~ro-7-deoxylincomycin hydrochlcnide of Example 1. _ -
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. . ExAMPLB 3 . . 
7 - chloro - 7 - deoxylincomycln C [ethyl 7 - chloro - 6,7,8 - trideoxy­
. 6 - (trans - L- methyl - 4 - propyl - L - 2 - pyrrolicf.iJiecarboxamido) -

1·-thio-·L- threo-a-D-galacto- octopyranoside] 

---NH --+---

0 

A. Chlorine substitution .. 
A suspension of l gram of lincomycin G hydrochloride in 25 'rill. of carbon tetra­

chloride and 4.S ml. of thionyl chlorid~ was stirred under nitrogen for 2 hours at 2S0 C. 
A clear solution was obtained in about. 1S minutes. The reaction mixture was then · 
heated at reflux for 2 hours and evaporated to dryness \lnder vacuum to give a yellow 
solid which was .dried under vacuum at 40°C. for 18 hours. The product was then dis­
solved in about lS ml. of warm ethanol, made basic with sodium hydroxide as in Ex- · 
ample 1 and diluted to 300 ml. with water. The water i;oltition was extracted S times 
with 100 ml. portions of ether. The ether extracts were pooled, dried over magnesium 
sulphate, filtered,· saturated \Vith hydrogen chloride gas, and evaporated to a brown resi­
due which on being recrystallized two times from· a mixture of ethanol and ethyl acetate 
(dissolved in a minimum amount of.ethanol and ethyl acetate added to turbidity) yielded 
200 mg. of 7-chloro-7-deoxylincomycin C hydrochloride as white crystals which had 
the same activity and. spectrum as the 7-chlOro-7-deoxyliricomycin hydrochloride of Ex-
ample l. . · · . ·· · · . 

Lincomycin C can be obtained by the fermentation process of British Patent Speci­
fication No. 1,087,882 ·or by reacting liriccimycin with ethanethiol (ethyl mercaptan) as 
described in British Patent. Specification No. !l,127,139 and heating the reaction mix­
ture in the presence of ~toluenesulphonic acid or heating to fusion. 

Other alkyl, cycloalkyl, cycl.Oalkyl-alkyl and aralkyl 7-chloro-6,7,8-trideoxy-6-
(trans - 1 - methyl .. 4 - propyl - L - 2;. pyrrolidinecarboxamido) - 1 - thio - L - threo-
a.- D - galizcto - octopyranosides: · · . . ·· . 

By substituting the liilcomycin C by the appropriate alkyl, cycloalkyl, cycloalkyl-
. alkyl and aralkyl · 6,8 - dideoxy - 6 - (trans - 1 - methyl "' 4 - propyl - L - 2 - pyrroli­

dine carboxamide, 1 - thio - D - erythro - a - D - galaeto - octopyranoside, for example 
where alkyl is propyl, butyl, pentyl, hexyl, heptyl, octyl; nonyl, decyl, undecyl, dodecyl, · 
tridecyl, tetradecyl, pentadecyl,. hexadecyl, heptadecyl, octadecyl, nonadecyl ·or eicosyl 
and the isomeric forms thereof; where .cycloa,kyl or cycloalkyl"'alkyl are cyclopropyl, 
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, 2-m~hylcyclopentyl, 2,3-
dimethylcyclobutyl, 2-methykyclobutyl. or 3-Cyclopentylpropyl and where aralkyl is 
benzyl, phenethyl, 3-phenylpropyl, or 1-naphthylmethyl there are obtained the corres­
ponding alkyl, cycloalkyl, cycloalkyl-alkyl and aralkyl 7 - chloro· - 6,7,8 - trideoxy - 6 -
(trans - _1 - methyl - 4 - propyl - °!"- 2 - pyrrolidinecarboxamido)-: 1 -·thio - L - threo­
a - D .; galacto - octancipyranos1des. The compounds thus· obtamed (both the 6,8 -
dideoxy and the 7 - cbloro -· 6,7,8 - trideoxy compounds) wherein· alkyl is propyl, butyl, 
pentyl, and hexyl (obtained. iesp~vely when propyl, bUtyl, pentyl, and hexyl mercap­
tans are used) are especially effective antibacterials, having the same spectrum as linco­
mycin and equal or greater activity. 
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EXAMPLE 4 · .. 
Methyl 7 - chloro - ·(;,7,8 - trideoxy - 6. - (trans - 1 - alkyl- 4 - butyl -
L - 2 - pyrrolidinecarbo:ir:amido) ':" 1 - thio - L - threo ~a - D - galacto -

· · octo~yranosides. 31 

, 

15 

.. \ 

XXII 

Ra = methyl or ethyJ.· 

. A suspension of 116 mg. of methyl 6,8 - dideoxy - 6 : (trans - 1 - ~thyl - 4 -
butyl- L ':" 2 - pyrrolidinecarboxamido) - 1 - thio. - D - erythro - a. - D - galacto -
octopyranoside free base in 3 ml. carbon tetrachloride and .0.7 ml. of thionyl chloride 
was stirred at 25°C. until a dear solution was obtained (abOUt:olS minutes) and allowed 
to stand at 25°C. for 2 hours. The reaction mixture was then heated at reflux for 2 
hours and then evaporated to dryness under vacuum. to a yellow solid which was worked · 
up as described in Example 3. The product, however, did'not crystaJlize so the crystal­
lizing solvents were evaporated to yield 17 mg. of methyl 7.:. chloro - 6,7,8 - trideoxy - . 
6 - (trans - 1 - ethyl - 4 - butyl - L - 2 - pyrrolidinecarboxamido)- 1 - thio - L - threo­
a - D - fialacto :.. octopyranoside hydrochloride as a tan amorphous solid which assayed 
8 times the activity of lincomycin against Gram-positive bacteria and 16 to 64 times 
that of lincom~in ·against Gram-negative bacteria. . 
' On substituting the cis epimer, there is obtained methyl - 7 - chloro - 6,7,8 - tri­
deoxy - 6 - ( cis - 1 - e~yl ':" 4 - butyl - · L - 2 - pyrrolidinecarboxabido) - 1 - thio - L ~ 
threo - .« :.. D - galacto - octopyranoside hydrochloride having the same antibacterial 
spectrum. . . · · · . · 
· · On substituting the 1 - methyl analogs, methyl 7 - chloro - 6, 7 ,8 - trideoxy - 6 -
(cis and trans - 1 - methyl"' 4 - ~utyl - L - 2 - pyrrolidnecarboxamido) - 1- th10 - L­
threo - a - D - gala<;to - octopyranosides hydrochlorides are obtained. 

The cis and trans epimers used as starting materials in the above example are des-
cribed in British Patent Speeification 1,118,306. · 

If desired the. above procedure can be applied to the . S analogues of a-MTL ob-. 
tained by the hydrazinolysis Qflincomycirt C or the S-analogues thereof described above 

· using the hydrochloride or other "Salt of a strong acid alid acylating the resulting alkyl, 
cycloalkyl, cycloa1kyl-alkyl or aralkyl 6 - amino - 7 - chloro .• 6,9,8 - trideoxy - 1 - . 
thio - D - erythro - o: - n· .. galacto - octapyranoside with· an acid of Formula A, B, C, 
D or E by the procedure of British Patent Specification No. 1,118,306. If desired the 
above procedure can be applied to any of the jntennediate.starting compounds such as 
those of Formulae IJA, IIB, IIC, IID, and IIE where Ra is.hydrogen to produce the · 
same compounds~ .The resulting 7-chloro compounds can be processed by the procedures 
given in British Patent Specification. No. 1,118,306 to convert the acyl moiety to the 
desired form. ·. 

SeparatiQn of the cis and trans. isomers is not a necessary step as the 7-chloro d~ 
rivatives of the mixed epime~ . ate useful per se. It is. desirable, however, to keep. the 
content of trans isomer high as this is the. most active form. By carrying out the process 
with this in mind mixed epimeric products containing a ratio of trans and cis epimers. 
of 3 : 1 to 1 : S can· readily be obtained. . . . . · · 

A preferred group of compounds an: represented by the formula 

. . 
•. q:!u;_.4J .. ·.,;µ..z,. • ... -4 ... -· .. z .. m:. as lltCW .J i e a : . 1 ; :. :es .. o .1 . , ;; ilO . 
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DIX 

. . . . 

wherein X is chlorine, R, HRu and Rs are alkyl of not more than six carbon atoi:ns, 
advantageously of not more than twelve carbon atoms in the aggregate• and the, con­

figuration is L-threo, are obtained o~ treatment with thionyl chloride by the procedure . 

of Part A if compounds according to Formula XXIX where Xis hydroxy, R, HRu and 
Rs are alkyl as given above; and the configuration is L-erythro. The 6,8-dideoxy com­
pounds of Formula· XXIX. as characterized above are active antibacterials comparable· 
with lincomycin. ·The 7-chloro-6,7,8-t;rideoxy. compounds of Formula XXIX as charac­
terized above have the same spectliim of antibacterial activity but are substantially more 
active. Representative compounds of Formula.· XXIX. wherein X is chlorine but which · 

have the L-threo c0nfigurati9n are given in the following table: · · . · •· 
- .. . . ·. 
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Intermediates for the preparation of the above compounds .correspond to the above 
table where {l) Xis hydroxy; (2) Ra is hydrogen; (3) Xis hydroxy and R3 is hydrogen; 

. (4) X is hydroxy and Ra· is carbobenzoxi; (S) X is .chlorine a.nd Ra is carbobenzoxy; (6) 
X is hydroxy, R3 is carbobenzoxy, and HR.1 and H in the. 4-position are replaced by the 
ylidene group, Ri; (7) X is chlorine, R3 is carbobeilzoxy, and HR1 and H in the 4-posi­
tion are replaced by the ylidene group, R1 ; (8) X is hydroxy, Ra is hydrogen, and HR.1 

and H in the 4-position are replaced by the ylidene group, R1 ; (9) X is chlorine, R, is 
hydrogen, and HR1 and Hin the 4-position are replaced by the ybdene group, Ri·; (10) 
Xis hydroxy, and HR1 and Hin the 4-position are replaced by the ylidene group, Ri; 
and (11) X is chlorine and HR1 and H ·in the 4-position are replaced by the ylidene 
group, Ri; it being understood that when X is hydroxy its configuration is D-erythro 
and that when Xis chlorine, the configuration is L-tlzreo. · 

When the linC~ycjn of Example 4 is replaced by an alkyl, cycloalkyl, cycloalkyI.;. 
alkyl or aralkyl 6-amino-6,8-dideoxy-l-thio-D-erythr&-a-D-1alacto-octopyranoside free 
base there are obtained compounds of the fonnula: . 
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wherein R is for ex~ple ethyl, propyJ, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, 
undecyl, dodecyJ, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl, non­

. adecyl, and eicosyl, or any of the isomeric forms thereof, cyclopropyl, cyclobutyl, cyclo­
pentyl, cyclohexyl, cycloheptyl:, cyclooctyl, 2-methylcyclopentyJ, 2,3-dimethylcyclobutyl, 
2-methylcyclobutyl, and 3-cyclopentylpropyl; beneyl, phenethyl, 3-phenylpropyl, and !l­
naphthylmethyl which can be acylated by the procedures of Example 4 to form the cor­
responding 7 - chloro - 7 - deoxylincomycin analogues, for example, the compounds 

.of Formula.XXIX as given and illustrated above, as well a~ the intermediates therefor. 

·ExAMPLE S· 
. 7-Epicltloro-7-deoxylincomycin~Ha .. 

, 

XXXII 

OH 

-· 

7-Epilincomycin hydroCbloride (0.8S g.) was. suspended in 17 mL of carbon tetra'.' 
chloride. Thionyl chloride (4.S inl.) was added and the reaction mixture stirred at 25° 
for 15 minutes. The solid dissolved to give a. clear, colorless solution. The reaction was· 
then heated at reflux for. 2 hours, cooled to 25°, eVGporated under vacuum to a solid·· 
yellow residue. This crude product was dissolved in 10 ml. of ethanol, made basic with 
O.lN sodium hydroxide, diluted to 500 ml. with water and extracted four times with 
· 50-ml. ponions of chloroform. The combined chloroform extractii were back-washed two 
times with 20-nil. portions of saturated sodium chloride solution, filt-ered and evaporated 
under vacuum. The solid residue was slurried with 500 ml. of ether, filtered and hydro­
gen chloride gas passed into the filtrate. The solid precipitate was collected, dissolved 
in 3 ml. of ethanol, and re-precipitated by the addition. of ether. 

· The solid was collected and dried. A 30% yield (270 mg.) of 7 - epichloro.:.7-de­
. oxylincomycin assaying abo1,tt 2 to 3 times the ac:tivity of lincomycin was obtained. TLC 
on silica gel (MeOH: CHCla system, 1: 6, v/v).showed one spot having an Rf of 0.44 as 
compared with an Rf of 0.52 ·for 7-cllloro-7-deoxylincomycin. . 

By substituting epilincomycin in this example by epilincomycin analogs of Formula 
II wherein Z, R, R1, Rz, R,, of the Ac group are as given and illustrated above, and the· 
configuration is L-~hreo the corresponding 7-chloro-7-deoxyepilincomycin analogs of the formula · · · 
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wherein Z, R, R 1, R:i, and R3 of the Ac group are as given and illustrated above, are 

obtained. The preparation of epilincomycin and analogues thereof is described in British 

Patent Specification No. 1,118,306. All the compounds that have been described above, 

therefore, have their"counterpart in the opposite configuration, that is, the configuration 

derived from the 7-epi form. As inversion is effected by the substitution of the 7-hydroxy 

group by chlorine, the epi-compounds which have the L-threo configuratic.n, are inver­

ted to the D-erytlzro- configuration. Thus both the D-erythro and the L..,threo forms 

are obtained depending on whether the normal lincomycins (D-erythro) or the epi-lin-

comycins (L-tlzreo) are used. · . .. . 

ExAMPLE 6 
7-Chloro-7-deoxylincomycin Hydrochloride 

Lincomycin hydrochloride (10 g.-0.0226 mole), 200 ml. carbon tetrachloride, and 

10 ml. SOCl2 were stirred and heated at reflux for 4 hours ... The reaction mixture was 

cooled to 25°C. and filtered. The yellow solid was dried under vacuum and then dis-­

solved in about 10 ml. of boiling ethanol. Ethyl acetate was added to turbidity and the 

solution allowed to cool. The crystals of 7-cbloro-7-deoxylincomycin ·hydrochloride thus 

formed were recovered in a yield of about 43 %. · . 

WHAT WE CLAIM IS:-
1. A compound of the formula:-

OH ••• .;I 

wherein R is alkyl of not more than 20 carbon atoms, cycloalkyl or cycloalkyl-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-L-2-pyrrolidinecarboxylic acid 

of the formula: . · · · . 
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wherein Z, R, Ri, Rz, and R3 of the Ac group are as given and illustrated above, are 

obtained. The preparation. of epilincomycin and analogues thereof is described in British 

Patent Specification No. 1,118,306. All the compounds that have been described above, 

therefore, have their 'coi.mterpart in the opposite configuration, that is, the configuration 

derived from the 7-epiform. As inversion is effected by the substitution of the 7-hydroxy 

group by chlorine,. the epi-compounds which have the L-threo configurati~n, are inver­

ted to the D-erytlzro configuration. Thus both the D-erythro and the L-threo forms 

are obtained depending on whether the normal lincomycins (D-erythro) or the epi-lin­

coinycins (L-threo) are used. 
EXAMPLE 6 

7-Chloro-7-deoxylincomycin Hydrochloride . 

Llncomycin hydrochloride (10 g.---0.0226 mole), 200 ml. carbon tetrachloride, and 

10 ml. SOCl2 were stirred and heated at reflux for 4 ho\lrs ... The reaction mixture was 

cooled to 25°C. and filtered. The yellow solid was dried under vacuum and then dis­

solved in about 10 ml. of boiling ethanol. Ethyl .acetate was added to turbidity and the 

11'0lution allowed to cool. The crystals of7-chloro-7-deoxylincomycin hydrochloride thus 

formed were recovered in a yield of about 43%. · · . . . 

WHAT WE CLAIM IS:-
1. A eoinpound of the fmmula: -

ca~ 

OH · ••• 0I 

wherein R is alkyl of not more than 20 carbon atoms, cycloalkyl or cycloalkyl-alkyl of 

from 3 to not more than 8 carbon atoms or aralkyl of not more than 12 carbon atoms 

and ~c is hydrogen o.- the acyl radical of a 4-substituted.:~2-pyrroli(ijnecarboxylic acid 

of the fonnuta: .. ·· · . · · · . . 
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wherein R1 and Ra are alkylidene of not more than 20 carbon atoms, cycloalkylidene or . 
cycloalkyl-alkylidene of from 3 to not more ·than 8 carbon atoms, or aralkylidene of not 
more than 12 carbon atoms; and R3 is hydrogen or HR2 and Z is a prote<."tive hydro­
carboiiyloxy-carbonyl or substituted hydrocirbonyloxy-carbonyl groul' which is remov- ·. 
able by hydrogenolysis, trityl, diphenyl(p - methoxyphenyl)methyl, b1S - (p - methoxy-
phenyl)phenylmethyl, benzyl, or p-nitrophenyt · 

2. A compound- of the formula:- · 

i OK; 

~~e·--.,·_..,.·. :_Cl .... 

. ·-: 

0 

10 wherein R, ilR1, and HRa are l0wer·alkyl'of ~ot more than 8 carbon atOJIUI. 
· 3. A compound of the formula:.;_. · 

0 

wherein R. and HR1 are l0wer alkyl of n'* in.ore thail 8 carbon atoms. 
' . ·.• 
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. 4. A compound according to claim 2 wherein R is methyl, HR1 is propyl, and 
HRe is methyl. · . 

S. A compound according to claim 2 wherein R is methyl; HR1 is propyl, and' 
HR2 is hydrogen. · • 

6. A compound according to claim 2 wherein R is methyl, HR1 is propyl, and· 

HR2 is ethyl. .. ·. . 
· · 1. A compound according to claim 2 wherein R is ethyl, HR1 is propyl, and HRz 

is methyl. · . 
8. · A compound according to claim 2 wherein R is ethyl, HR1 is propyl, and HR2 

is hydrogen. · · · . 
9. A compound according to claim 2 wherein R is ethyl, HR1 is propyl, and HRa 

is ethyl. • 
. ·10. A compound according to claim 2 wherein R is propyl, HR1 is propyl, and . 
HR2 is methyl. . . . 

11. ·A compound according to claim 2 wherein R is propyl, HR1 is propyl, and JIR2 
is hydrogen. . 

12. A ~ompound according to claim 2 wherein R is propyl, ·HR1 is propyl, and H~a 
is ethyl. · . 

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

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

lS. A compound according to claim 2 wherein R is butyl, HR1 is propyl, and HR2 
is ethyl. ' · · · • 

16. A compound according to claim 2 wherein R i1 methyl, HR1 is pentyl, and 
HR2 is methyl. . . . . · 

17. A compound according 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, HR1 is pentyl, and' 
HRa is ethyl. · · · . ·. . · . . · · · 

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

is methyl. ·· . . · . · 
20, A coJ,npound according to claim 2 wherein R is methyl, HR1 is butyl, and HR2\ 

is hydrogen. . · . 
• · 21. A compound according to claim 2 wherein 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 HR2 

IS methyl. 
23. A compound according to claim 2 wherein R is ethyl, HR1 is butyl, and HR2 

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

is ethyl. . 
25. · A compound according to claim 2 wherein R is propyl, HR1 is butyl, and HR2 

is~~ ·. . . . . 
26. A compound according to claim 2 wherein R is propyl, HR1 is butyl, and HR2 

is hydrogen. · · • · · 
· 27. A compound according to claim 2 wherein R is propyl, HR1 is butyl, and HR2 

is ethyl. · · . 

21 

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

is methyl. . . . · . . 

29. A c0mpound 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, ~1 . is butyl, and HR2 
is ethyl. . .· · · .. 

3.1. A compound according to claim 2 wherein R is.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 to claim· 2 whei:ein R is·cyclohexyl, HR1 is butyl, and . 
HR2 ·is ethyl. . · .. ·. . . · · · 

.34; 7-chloro-7-deoxylin~mycin; . . 
3S. ·Methyl 7.;. chloro - 6,7,8 - trideoxy - 6 - (trans - 1 - ethyl - 4 - propyl - L -

· 2 -·pyrrolidinecarb()xamido) .. 1- thio·- L - t,,,.eo - a - D - galacto - octopyranoside. 
36. Methyl 7 - chlorQ - 6,7,8 - tri~ - ~ ,. (~ - 1 .. ~l - 4 - butyl ~ :L·" 
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2 - pyrrolidinecarboxamido) - 1 - thi_o - L - threo - a - D - galacto - octopyranoside. ·. 
--37. Methyl 7 - chloro - 6,7,8 - trideoxy - 6 - (trans - 1 - methyl - 4 - butyl - L - · 

2 - pyrrolidinecarbox~n;iido) - 1 - thio - L - thTeo - a - D '." galacto - octopyranoside. 
. 38. Methyl 7,;; cliloro - 6,7,8 - trideoxy - 6 - (trans - i - i:nethyl - 4. pentyl - L- · 

2 - pyri'olidinecarboxamido) - 1 - thio - L - threo. - a - D - galacto - octopyranoside. 
.. ... ... 39~ -Methyl 1 - chloro - 6,7,8 - trideoxy - 6 - (trans '." l - ethyl - 4 - pentyl - L -

2 - pyrrolidinecarboxamido) - 1 - thio - L - threo - a - D - 1alacto - octopyranoside. 
40. The process of inaking compounds of ·the formula · ~ 

c.a, 

OR 

wherein Rand Ac.are as defined··in claim 1, which _compri~ reacting a compound of . \ 
the formula:- . . . . . . . .·. . 

•·.. . ' 

.cir,. 
. l .. 

with thionyl chloride at an elevated temperature. . · · 
41. A pr~ aa:ording to claim ·40 wherein R is alkyl and Ac-is the acyl radical . 

of Fonnula Bas defined in claim 1. · ' · · · 
42. A proq:ss according to claim 40 wherein ·R iS alkyl and Ac is hydrogen. ·• ·• 
43. A process· as claimed in claim 40 wherein R is alkyl of not more than 20 car- ·. · 

boa atoms. and Ac is ~ acyl radical of a 4-substituted-L-2-pyrrolidinecarboxylic acid 
of the formula: - . . . · . · . . .. ·r .. 

V*'l (A) 
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or 
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. wherein Ri and Ra are alkylidene of not more than 20 carbon atoms, cycloalkylid~e or 
cycloalkyl-alkyli~ of from 3 to not more than 8 carbon atoms· or aralkylidene of not . : 
more than 12 carhop atoms; and· Ra is hydrogen or HRz. · . · ·. • ' · 

44.: A ptocess for the preparatiQD ·Of a 7-chlor0-7-deo ylin~in D a~~ an~lo- ; 
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gues and isomers th~f Which comprises acylating a compound of the general form- · • 
ula:-- . 

OH 

with a compound of the formida:-

1 . 
·Q·. 00. 

. . -OB 

Di . ! '. .. 
s 

. .to form a compound _of the formula: -

r .s, 

·~1-n.-..-. Hlli. . . ' . 
O: 

OH. 

· wherein R and R1 ate aJkyl of not more than 20 carbon at0ms, cycloalkyl or eycloalkyl- . 
alkyl of from 3 to not mote than 8 carbon atoms, or aralkyl of not more than 12 carbon 
atoms, Z is a protective hydrocarbonyloxj'-carbonyl. oi: substituted hydrocarbonyloxy- · 10. 

·carbonyl group and then removing the Z Stoui> to fonn ·~ compound of the general 
·1onnula:- · . · , · , .. ·· · . ···-~ · · . · · · 
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· . wherein R and Ri are as defined above. . . 

· · 4S. · A process for making 7-chloro-7-deoxylincomycin-D and analogues and iso- . 

mers thereof which comprises reacting a·compound of the general formula:- . .. , 
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· wherein R and R1 are alkyl of not more than 20 carbon atoms, cycloalkyl or cycloalkyl­

alkyl of from 3 to not more than 8 carbon atoms or aralkyl of not more than 12 carbon ·· 

atortis and Z is a ·protective hydrocarbonyloxy-carbonyl or substituted hydrocarbony­

loxy-carbonyl group with thionyl. chloride at an elevated temperature to forin a com-

. pountl having the general. formula:. - · 
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:J 
.. -~ · · · · . wherein R and R1 are as defined above. . 
.; S · _ 46. A process for the preparation of a compound as claimed in any of claims 1 to.·_. : .. ·. 5 
' 39 substantially as herein described with reference to the Examples. -~:. 

· 47. A compound as claimed in any of claims 1 to 39 when prepared by a process 

~ . 

as claimed in any of claims 40 to 46. · . · 
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