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 of the State' of Delaware; United =
'~ mazoo, State of Michigan, T)plteﬁ State
_'."for which ‘we_pray that a “ptent may b
Y,1s to be: performed 1o be parncularly desi
“ ‘Thig *jnvention relates 't0" novel -pre
lincomycin.-and 7-halo-7-deoxyepilincomycin " an
“to-novel: 7-bromo compourids produced thereby. - ' L
. The compounds prepared according to, the prest enti resented
by the'-followmg structu formula — o,

o:-héreby de;‘lare.
us, and: the. méthod by whlch ::1t

'-’-wherem R i alkyl of Tiot ‘more fhan on ‘atoms, advantagéously. not more than
8 carbon ‘atoms, cycloalkyl or cycloalkyl—al.kyl offrom, 3:to not.more: ‘than’ 8 carbon
atoms; Or: aralkyl of not more than:12: carbon: atoms, '_-advantageously not more than
8 carbon -atoms; halo is chlorine- or. brominé -and ‘Ac i Is: -hydrogen: or. the acyl radical
ofa 4-substxtuteduL-Z-pyrrolxdmemrbmcyh_ acid .of the f
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wherein R, and R, are alkylidene of not more than 20 carbon atoms (including
methylene) and advantageously not more than 8 carbon atoms, cycloalkylidene or
cycloatkyl-alkylidene of from 3 to not more than 8 carbon atoms, or aralkylidene of
not more than 12 carbon atoms, advantageously not more than 8 carbon atoms; and
R; is hydrogen or HR;; and Z is a protective hydrocarbonyloxy-carbonyl or substituted

" hydrocarbonyloxy-carbonyl group which is removable by hydrogenolysis, trityl, diphenyl

gp-methoxyphmyl)meﬂ:yl, bis-(p-methoxyphenyl)phenyl-methyl, benzyl, or p-nitro-
enzyl. ' '

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 atoms (R, HR,, and. HRz) are -

methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl,
tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl, nonadecyl, 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, 4-methylcyclobuty]l and 3-cyclopentylpropyl. Examples of aralkyl
are benzyl, phenethyl, «-phenylpropyl and e-napbthylmethyl. Examples of alkylidene,
cycloalkylidene, cycloalkyl-alkylidene and aralkylidene groups (R, and R,) include

methylene, ethylidene, propylidene, butylidene, pentylidene, hexylidene, heptylidene,

octylidene, nonylidene, decylidene, undecylidene, dodecylidene, tridecylidene, tetra-
decylidene, pentadecylidene, hexadecylidene, heptadecylidene, octadecylidene, nona-
decylidene, eicosylidene, and the isomeric forms thereof, cyclopropylidene, cyclo-
butylidene, cyclopentylidene, cyclohexylidene, cycloheptylidene, cyclooctylidene,
2-cyclopropylethylidene, 3-cyclopentylpropylidene, benzylidene, 2-phenylethylidene,
3-phenylpropylidene, and e-naphthylmethylene.

+ The compounds of Formula I can be prepared by replacing by halo as defined

“above, the 7-hydroxy of a compound of the formula

Ac

IT

The replacement is effected by mixing the starting compound of Formula IT with
Rydon reagent in an inert solvent and heating. For example, when a compound of
Formula ITA (that is to say when Ac in Formula 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 I is that of the acid of Formula A) is obtained. When this
compound or the starting compound (Formula ITA) is hydrogenated with a catalyst
effective to saturate an olefinic double bond, a compound of Formula IB (that is to

Novel compounds produced: according to the present invention are représented.
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" say whe Ac in Forniula I is that of th
+ of cig and trans epimeggaocordjng to the formulas

pound according_to. Fiorrm
Compound
catalyst effective.

4 - 2 \’-!..._. o
ketone, aldehyde, phenylacetaldbhydg hydrocmnama-ldehyde,' acetophenone, propio.
phenone, butyroph:enpnc;... 3.methy1__ij4-pheny1-2-butan6hb, Z—mﬂlyIAS-phenyl;S-
pentanone, 3;cycl_'0p'entane_pmpionaldehyde, cyclohexanéaq':mldehyde, cycloheptane.
carboxaldchyd_e_;; 232+t_1i1njethylc§?clopropylaceta1déhyde, Z,Z-dimethylcyd()propyl methy]
ketone, '~cyc1<_ip*c_ntyl;'-'fr_';et,hy1-} keione, cyclobuty] methyl ketone, cyclobutanone, cyclo-
hexanone, and_:'f}-mgthjrlcyqlohé:ién*oﬁéf“‘ : LT

. The star '”g_'compqunds of Formuly-IT are 'described in. British Patent Specifica-
. tion No, 1,11_85306_.’_--?1‘-_hejy are prepared by acylating 2 compound of the formula

the acid of Formula B) is obtained 25 2 mispure
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wherein Z is a protective hydrocarbonyloxycarbonyl or substituted hydrocarbonyloxy-
carbonyl group which is removable by hydrogenolysis, trityl, ie., triphenylmethyl,
dipbenyl(p-methoxyphenyl) methyl, bis-(p-methoxyphenylphenylmethyl, 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, XV1I, No. 4, p. 406
(1963)]. Examples of optionally substituted hydrocarbonyloxycarbonyl groups (Z) are

tertiary-butoxycarbonyl; benzyloxycarbonyl groups of the formula

Q=0

criy0

wherein X is hydrogén, nitro, methoxy, chloro, or bromo, for example, carbobenzoxy,

‘p-nitrocarbgbenzoxy, p-bromo-, and p-chlorocarbobenzoxy; and phenyloxycarbonyl
grotips.of the formula -~ = o B

‘

wherein X, is hydrogen, allyl, or alkyl of not more than 4 carbon atoms, such as
phenyloxycarbonyl, p-tolyloxycarbonyl, p-ethylphenyloxycarbonyl, and p-allylphenyloxy-
carbonyl and the like.

In carrying out this process the 4-0x0-L-2-pyrrolidinecarboxylic acid (Formula C}
is added to a freshly prepared Wittig reagent. The Wittig reagents herein used can
be generally represented by the following formula:.

R,=P(CH)

wherein R, is as given above. These Wittig reagents are prepared by reacting an alkyl,
cycloalkyl, cycloalkyl-alkyl or aralkyltriphenylphosphonium halide with a base such
ag sodamide, or sodim or potassium hydride, or the sodium or potassium metalate
of dimethylsulphoxide and the like. For example, the elimination of hydrogen halide
from alkyltriphenylphosphonium halide, produces  alkylidenetriphenylphosphorane.

[The preparation of phosphoranes is discussed in detatl by Trippett, Quart, Rev.

XVH, No. 4, p. 406 (1963)]. The reaction is generally cafried out in -an. organic
'solvent, such as benzene, toluene, ether, dimethylsulphoxide, tetrahydrofuran, or the

like, at temperatures between 10° C..and the reflux temperatire of the reaction
mixture. The -thus-obtained  product, a 4-alkylidene-, 4-cycloalkylidene-, or 4-
aralkylidene-1-protected-L-proline which has the following formula
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wherein R and R, are methyl and R,H is propyl. Lincomycin B, methyl 6,8-dideoxy-6-
(trans - 1 - methyl - 4 - ethyl - L - 2 - pyrrolidinecarboxamido) - 1 - thio - D-
erythro-e-D-galacto-octopyranoside (Formula VI wherein R and R, are methyl and
—R,H is ethyl) is described in British Patent Specification No. 1,096,841, Lincomycin
C, ethyl 6,8-dideoxy-6-(trans-1-methyl-4-propyl-L-2-pyrrolidinecarboxamido)-1-thio-
D-erythro-a-D-galacto-octopyranoside (Foromda VI wherein R is ethyl, —R,H is
propyl, and. R, is methyl) is described in British Patent ‘Specification No. 1,087,882.
Lincomycin D, methyl 6,8-dideoxy-6-(trans-4-propyl-L-2-pyrrolidinecarboxamido)-
1-thio-D-erythro-a-D-galacto-octopyranoside (Formula VI wherein R is methyl, —R,H
is propyl, and Ry is hydrogen) is described in British Patent Specification No. 1,102,835.
Methyl 6,8 - dideoxy - 6 - (trans - 4 - ethyl - L - 2 - pyrroldinecarboxamido) - 1-
thio-D-erythro-a-D-galacto-octopyranoside (Formula VI wherein R is methyl, —R,H
is ethyl and R, is hydrogen) is also produced in the fermentation of British Patent
Specification No. 1,102,835, Similarly, lincomycin K, ethyl 6,8~dideoxy-6-(trans-4-
propyl - L - 2 - pyrrolidinecarboxamido) - 1 - thio - D - erythro - « - D - galacto-
octopyranoside (Formula VI wherein R is ethyl, —R,H is propyl, and R, is hydrogen)
is produced when the fermentation of British Patent Specification No. 978,765 is
carried out in thé presence of added «-ETL, ethyl 6-amino-6,8-dideoxy-D-erythro-o-
thio-D-galacto-octopyranoside, a compound obtained by the hydrazinolysis of linco-
mycin C. Ethyl 6,8-dideoxy-6-(trans-4-ethyl-L-2-pyrrolidinecarboxamido)-1-thio-D-
erythro-a-D-galacto-octopyranoside (Formula VI wherein R is ethyl, —R,H is ethyl,
and Ry is hydrogen) is also obtained when 2-ETL is added to the fermentation of
British Patent Specification No. 976,765. The above-described N-desmethyl products
are examples of starting compound IIB wherein R, is hydrogen which, by the procedure
described above can have the N-hydrogens replaced when it is desired for R; to equal
HR., e.g., when it is desired to produce methyl 6,8-dideoxy-6-(trans-1-ethyl-4-propyl-
L-2-pyrrolidinecarboxamido)-1-thio-D-erythro-a-D-galacto-octopyranoside or  ethyl
6,8 - dideoxy - 6 - (trans - 1 - methyl - 4 - ethyl - L -~ 2 - pyrrolidinecarboxamido)-
1-thio-D-erythro-o-D-galacto-octopyranoside or ethyl 6,8-dideoxy-6-(trans-1-ethyl-
4 - ethyl - L. - 2 - pyrrolidinecarboxamido) - 1 - thio - D - erythro - « - D - galacto-
octopyranoside or methyl ' 6,8-dideoxy-6-(trans-1-ethyl-4-ethyl-L-2-pyrrolidinecarbox-
amido}-1-thio-D-erythro-a-D-galacto-octopyranoside. _ ,

Lincomycin or any of the starting compounds 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-oxo group and then reducing the latter to a 7-hydroxy group.
A suitable procedure for this purpose is illustrated in the following sequence:

10

15

20

25

35

-y el “a‘

-~



g,

10

= 15

140883

HO

A NH—
HO

'SR

For example, hncomycmon treatxﬁé"ﬁ_t__ w1th :a;gqtone in th presence of p-toluene

sulphonic acid, is ‘conyerted 10_3,4-0-isopropylic enelincomycin-which on oxidation with
chromic Oxide. gives: S dehydro,A-O-tsopropylidenclincomycin (methyl 6,8-dideoxy-

D.: galacto:~: octopyranos. - 7:= uloside)

i O e - 4 pour
O L oy oo D-galacto-octopyranoside). Any of the starting compourics ot e

11 having'a' D-erythro ‘configuration can: be converted to fgh;:}_.c_omesﬁénding- D-threo:

configuration by this procedure.

therefrom, are either methyl or ethyl thioglycosides, it is sometimes desirable to convert
them :to-higher o lower glycosides. Tt :is also ‘sometimes desirable to convert any of
the compounds‘of Forniulas I, 11, or V. 1o higheror. glycosides. This can effectively
be accomplished by. reacting the compound 1o be ;converted ‘with & mercaptan of the
Formuls ‘R¢SH wheréin R, is an alkyl ‘group of .n re than 20, carbon atoms, but
one different from R; for example, compounds' of » T"and II on reaction with

B e biosynthetic-produced lincomycins, as well as e ‘amin, sugars derived

a mercaptan of Formul‘aj B__.,S’H produce dit ioacetal 'o'f_.;___thé for:

oo

XIa

1 methyl -4 - propyl - L . 2 ~-pyrrolidine-:

nent, with: : dride is converted to, 7-epilincomycin: (methyl.
Xy - 6 - (trans -1 - methyl= 4. propyl-L -2 - pynolidin(;carbox'anﬁdd)-i’:
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‘wherein X is hydroxy or halogen, which on treatment with acid and/or on heating is
recyclized to give a compound of the following formula

XIx

The process can be applied du-ectly to any of the starting products of Formula II,

5 ie, IIA, IIB, IIC, IID, and HE. The resulting products can be subjected to
_ hvdrazmolysls to form compounds of the following formula:
. o,
NH g

HO T
“O
144 xriz

. SRg

OH

Whlch can be N-acylated as descrrbed above wzth acnds of Formula A B,C, D, and E
to provide compounds according to Formula XII' wherein X is hydroxy The process
- 10 can also be applied to the starting compounds of Formula V. For example, «-MTL
on treatment with ethyl mercaptan followed by recyclization as described above is
converted 10 a-ETL. «~MTL is the. S-methyl analogue of oETL. It is described in
British Patent Specification No. 1,008,447.
. An alternative process for making. compounds of Formula XI or Fonrmla X111
15 is. to broninate the starting material and then react it with the mercaptan accordmg
to the fo]lowmg sequenge :
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The starting compound, XIV is dissolved-in water as a soluble: salt, eg, the hydro-
chloride and bromine added w1th cooling advantageously to-between about — 10 and
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
startmg compound, though more or less can be used, Advantageously a shgnt €XCess,
from 5 to 209 excess, of bromine is used,The bromine. initially replaces the

R — group and the resultlng intermédiate- hydrolyzes to the sugar-in which the
pyranose form XVa.is in equilibrium with the aldose form XVb. In the presence of
acid, e.g., hydrochloric acid or other strong mm—omdlzmg acid  such’as p-toluene
sulfonic. acid, and sulfonic acid type anion exchange resins, the mercaptan R.SH
reacts -with the sugar XV :to form the’ thioglycoside XVI Concomxtantly some diacetal

of Formula XI ‘may be formed which after. separatxon can be: cychzed as descnbed _

above to fofm more of the dcvsrred ﬂuoglycosxde XVL.:

- The mechanistn by which Rydon. reagent effects the-substltutlon of the 7—hydroxy :

by halogen is not. fuIly undérstood. The: mechanistii‘is’such ‘that:a change in .configura-
tiod results; - Thus; a7 hydroxy': bifipourid of the D—e‘rythro nﬁguratmn would yield
a 7-hilo compound of the L-thréd configurdtion : :
Rydori: feagents ‘are formed * by“"ﬂxe addmon of ; hizlogen tnphen Iphosphme or
tuphenyiphosphte r‘addition’ of 3t
ented alky! 5 ety by

lkyl.--ha ide to mphenylphos?hl and can be
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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 triphenylphosphite in an inert solvent such as acetonitrile or dimethylformamide, or
it can be isolated as & separate entity. In either case the reaction with the lincomycin
or related compound is effected by contacting the Rydon reagent therewith in an inert
solvent, e.g., acetonitrile or dimethylformamide, until the desired -substitution of the
7-hydroxy is obtained. The reaction takes place at ordinary temperature, though gentle

‘heating can be effected if desired. Advantageously the temperature is maintained

between about 20° C. and about-55° C. The product can be recovered from the
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- can be émploye

" and .can; be used ‘f

reaction mixtire by well kiows’ techiniques such’as filtration, solvent extraction,. etc.
The. reaction: mixture #dvantageously is treated with methanol to.destroy any excess
Rydon reagent, filtered to: remove any solid such as ‘tiiphenylphosphine. oxide, formed
in the reaction, and then treated to recover the product, The methanal can. be: added.
either before ‘or after the filtration. Advantageously the '
mixture. is:evaporated to.dryness and: purified.by solvent ion and/or chromato-
graphy.. = o i _ : '

. The compounds of Formulas TA,'L
or non-protonated forms according t0

‘the pH of the environment. The ‘protonated:

form refers to the ‘acid-addition salt-and the non-proto ted form’ to'the free base. -

The free bases can’be converted to stable -acid-addition .
base with the appropriate acid:to’below about:pH 7.0,

salts. by neutralizing the free
! 4 ind advantageously to about
pH 2 to pH 6; Suitable aéids forythis’ purpose includ iydrochloric, sulphuric, phos-
phoric, thiocyanic, fluosilicic, hexafluoroarsenic, hexafluorophiosphoric, -acetic, succinic,
cittic, - lactic, mialeic, -fumaric, -pambic, cholic, -palmitic,. mucic;. camphoric;  glutaric,
glycolic, phthalic, tartaric, lauric, stearic, salicylic; 3-phenylsalicyc ic, 5-phenylsalicyclic;
3.methylglutari¢, orthosulfobenzoicj-cyclopentanepropionic,: 1,2-Cy: ohexanedicarboxylic;-
4-cyclohexanecarboxylic; octadecénylsuccinic, - octenylsuccinic, . - methanesulphonic,
benzenesulphonic; helianthic, Reinecke’s, dimethyldithiocarbamic; cyclohexylsulphamic,
hexadecylsulphamic,  joctadecylsulphamic, :sorbic, T onochloroacetic, undecylenic,” 4’
hy%roxy’azobénzene-f-"l-sgdphonic, octyldecylsulphuric, picric, benzoie, cinnamic nd like
acids, 7 il L5 L e ggel Al sl D A
The acid- tion ‘salts can berused for the sam putposes as the free base or they
sloyed to-upgrade, théxsame. For: examp!
to an insoluble salt, such as the picrate, which can

sabjected to purification- pro--

© cedures, for example, . solvent extractions and washings, chromatography, fractional

liquid-liquid extractions, dnd crystéllization’ and theii -used to regenerate the free. base
form by treatment with alkali or:to make ‘4. different-selt by ‘metathesis. -Or the free
base can be converted fo a watérsoluble :salt,such-as the hydrochloride or sulfate

and the ‘aqueous solution of the:salt extracted with" various -water-immiscible solvents

before regenerdting the free basé-form by treatmént of ‘the- thus-extracted acid solution
- or converted to anothier. salt by ‘metathesis. The free ‘bases. of Formulas TA, IB, 1IA,
TR, and V. can be used as a buffer or a5 an antacid. ‘The compounds of Formulas 1, -

I1,-and V. react with“isocyanates to form ‘arethanes angd can be-used!to. modify poly-
ethane resins.’ The long chain compounds, i.e., where. HR, is' alkyl «¢f from8 carbon
atoms ‘up,, surface active properties and can be used as-wetting|and “emulsifying
agents. : The: thiocyanic acid -addition salt when :condénsed “with : fortnaldehyde forms
resinous materials useful as pickling inhibiters ‘according’ to' U.S. Patents’ 2,425,320
and 2,606,155. The free bases-also make. good wvehicles: for’ toxic- acids. For-example,
the fluosilicic.acid addition salts:are useful as mothproofing ‘agents ‘according to U.S.
Patents 1,915,334 and 2,075,359 .and the: hexafluoroarsenic_acid and hexafluorophos-
phoric. ‘acid -addition: salts ‘aré.aseful  as: parasiticides’ according .- to. U.S. - Paterits
3’122-:5_3-6} d3,122,552, ] h . L L2 iy e

The close ‘analogues of 7-halo-7-deoxyhncomycm, ie hereh—-RJ-Ils c1sor

transalkyl of ‘not: more: than 8 carbon atoms;. Ry-is methyl or ethyl;'R is alkyl of not
more than 8 carbon atoms have antibacterial: properties ‘and -some ‘ate comparable or
superior: to lincomycin and can be used for -the same. purposes as/lincomycin. The
other analogues and -isomers have similar -as tibacterial -properties but-1o a lesser degree
the same purpos lincomycin ‘where : larget 'amounts are ‘not

objectionable. .o -
.. The following examples are illus

ive of the process’e 'f"iirodutts ‘6f"‘ihé-f-pfé§ent

invention ‘but are ot to be construed as limiting. The parts and perceatages are by

weight and the solvent ratios are by volume unless otherwise specified.

© ;. . A, 7-Bromo-7-deoxy] id FLoLe

A solution- of Rydon reagent was prepared by:stirring a dry :‘sfftlﬁlutioxi'-fosf-'5=2-';6“g.
(0.2 -M). of triphenylphosphine arid 800 ml, of ‘acetonitrile’ at 30°: finder nitrogen ‘and
10 ml. (0.19 M) of bromine adted over a 20-min,period. After stifring for 10 min.
more, 8.2 g. of lincomycin was;’added and’the reaction - stirred at!30° for-18 hr. ‘A
white solid was then: present. The reaction was filtered and the solid-discarded. Méthanol
(100 ml.) ‘was “added fo. the filtrate and the solvents then. evapordtid unde: mifh.
The viscous: residu 5: dissolved-in 100 ml.- methanol, dilutédeith 1800 ml’ of
water and extracted six times with 200 ml. portions of ether. The ether extracts were

incomycin and its hydrobromide "<

ted: and filteréd: :reaction .

IA, T1B, and V exis cither in the protonated.

the  fiee base ‘canbe converted -
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discarded, the aqueous phasc. made basic (pH 11) with aqueous KOH ‘' end- then’

extracted four times with 200 ml. portions of methylene chloride. The extracts ‘were

dried and evaporated, leaving 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-bromo-7-deoxy- -

lincomycin. This was converted to the hydrobromide by dissolving in water, adding

HBr to pH 1, filtering' and lyophilizing the filtrate. The hydrobromide-had an ap+

114° (c;.0.9314, H,0) and the following analysis:
Caled, for CiHy Br:N,0,S: o |
C, 39.28; H, 6.23; N, 5.09; §, 5.83; Br, 29.04.
Found: C, 39.64; H, 6.19; N, 5.07; 8, 6.04; Br, 28.59.

In place of bromine, there can be substituted chlorine, which yields 7-chloro-7-

deoxylincomycin which is -identical with the product obtained by chlorinating linco-"

myein with thionyl chloride. In place of triphenylphosphine there can be substituted

triphenyl phosphite. Also, in that case a methyl halide can be used in place of halogen. -
In place of the lincomycin, there can be substituted other lincomycins and. analogs
thereof. Thus, when lincomycin C is substititted 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. 1,087,882 or by reacting lincomycin with ethane 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-
alkyl and aralkyl 6,8-dideoxy-6-(trans-1-methyl-4-propyl-L-2-pyrrolidinecarboxamido
1-thio-D-erythro-a-D-galactooctopyranoside, for example, where alkyl is propyl,

pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, retradecyl, penta-

decyl, . hexadecyl, heptadecyl, octadecyl, nonadecyl, or eicosyl and the isomeric forms
thereof; by cycloalkyl or cycloalkyl-alkyl are cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl, cyclooctyl,- 2-methyicyclopentyl, 2,3-dimethylcyclobutyl, 2-
methylcyclobutyl - or . 3-cyclopentylpropyl and where aralkyl is benzyl, phenethyl, 3~

phenylpropyl or o-naphthylmethyl, there are obtained the corresperiding alkyl, cyclo-

alkyl, cycloalkyl-alkyl and aralkyl 7-halo-6,7,8-trideoxy-6-(trans-1-methyl-4-propyl-L-

2-pyrrolidinecarboxamide)-1-thic-a-D-galacto-octanopyranosides. The compounds ‘thus °

obtained (both the 6,8-dideoxy and the 7-halo-6,7,8-trideoxy compounds) wherein alkyl

is propyl, butyl, pentyl, and hexyl (obtained respectively when propyl, butyl, pentyl,

and hexyl mercaptans are used) are especially effective antibacterials, having the same
spectrum as lincomycin and equal or greater activity.

Also, when the lincomycin. is substituted by methyl 6,8-dideoxy-6-(trans-1-methyl- -
or- 1 -ethyl -4 butyl - L - 2 - pyrrolidinecarboxamido) - 1 - thio - D - erythro- -
a-D-galacto-octopyranoside, the corresponding 7-bromo-7-deoxy compound, methyl :
7 - bromo - 6,7,8 . trideoxy - 6 - (trans - 1 - methyl and 1 - ethyl - 4 —butyl -L-
2-pyrrolidinecarboxamido)-1-thio-a-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-bremo-6,7,8-trideoxy-

6 - (cis - 1 - methyl and 1 - ethyl - 4 - butyl - L - 2 - pyrrolidinecarbosmido) ' 1~ _

thio-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 te the S analogs of a «-MTL
obtained by: the hydrazirolysis of the lincomycin C or the S-analogues thereof described
acylating the resulting alkyl, cycloalkyl;, cycloalkyl-alkyl or “aralkyl-6-amino-6,7,8-tri~
deoxy-7-halo-1-thio-D-erythro-w-D-galacto-6ctopyrranoside with anacid of Formula A,

B, D, D or -E by the procedures of British Patent Specification No, 1;118,306. If
desired the above procedure can:be applied to:any of the intermediate starting com-+
pounds such as those of Formula ITa, IIb, Ilc, IId and Ile where Ry is hydrogen 1o
preduce. the same compeunds. :The resulting: 7-halo. compoundscan-be processed by
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- moiety to the desired form.:.

the proqedmes glven in, Brmsh':Patent Specification No 1 118 06' to cofivert the acyl

Separation_of -the  cis-" and' trans-isemers is not a ne_c_essary ‘step.as the 7~chloro
derivatives of the mixed eplmers are useful per se. It is ‘desirable,. hawever, to keep
the content of u'ans-isemerhlgh as’ this- is ‘the ‘most “active form; By cartying out the
process with this in mind mixed: epimeric products contammg a ratlo of trans- and
cm-epnners of 331 to 155 can readily-be obtained.

A ;n'eferred group of‘compmnds repmented by the* fromula

HO

OH

SR

OH
XXIV -

wherein-X is chlorme or bmmme and R, HR,, and R are. alkyl of not more than six
carbon ~atoms, advanmgeouﬁiy of not.more than twelve carbon atoms.and the-con-
figuration: to L-threo in tlié>aggregate-are obtained on tredtmient with:Rydon reagent
by the-procedure-of - Part“A if compounds according to Formula XXIV where X is
hydroxy-and R, HR,; and“Rs are-akkyl as given above and:the configuration -is L-
erythiro, The 68-rd1dboaiy ~tompounds . of Formula XXI a3 “characterized above' are
active. antibacterials. compdtable with lincomycin, The 7-halo-6,7,8-trideoxy com-
pounds: 'of Formli: XXIV s characterized above have the'same spectrum of anti-
bacterial; activity .but- 'are“substa‘pually more active, Representative oompounds of
Fornmla XXIV wherem-X s bromme ‘and the conﬁguratxon 1s L—threo are given in
the followmg table N .
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Compounds of Formula XXIV where X is Bromine

R HR, R,
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-deoxyallolincomycin E) methyl - cis-propyl ethyl
aG ethyl -  trans-propyl methyl
4H ethyl cis-propyl methyl
41 : methyl  trans-butyl methyl
4] . 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
48 ' cthyl 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 : o methyl  trans-hexyl = methyl -
4Z : ‘ methyl  cis-hexyl methyl -
4AA - : butyl trans-propyl methyl
4AB _ _ butyl .. cis-propyl methyl
4AC o ‘ethyl = trams-pentyl. ethyl
4AD o ethyl cis-pentyl ~ ethyl.
4AE . butyl trans-butyl ethyl
4AF butyl “cis-butyl ethyl’
e v gmpmel

cis~; methy
4A1 cyclohexyl 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 (1) X is hydroxy; (2) R, is hydrogen; (3) X is hydroxy and R, is hydrogen;
(4) X is hydroxy and R, is carbobenzoxy; (5) X is bromine and R, is carbobenzoxy;
(6) X is hydroxy, Ry is carbobenzoxy, and HR, and H in the 4-position are replaced
by the ylidene group, R;; (7) X is bromine, R; is carbobenzoxy, and HR, and H in
the 4-position are replaced by the ylidene group, R,; (8) X is hydroxy, R, is hydrogen,
and HR; and H in the 4-position are replaced by the ylidene group, R;; (9) X is

" bromine, R, is hydrogen, and HR, and H in the 4-position are replaced by the ylidene

group, R;; (10) X is hydroxy, and HR, and H in the 4-position are replaced by the
ylidene group, R,; and (11) X is bromine and HR, and H in the 4-position are
replaced by the ylidene group, R,. _ :

When the lincomycin in the above Example is replaced by alkyl, cycloalkyl, cyclo-
alkyl-alkyl or aralkyl 6-amino-6,8-dideoxy-1-thio-D-erythro-a-D-galacto-octopyrano-
sides there are obtained compounds of the formula
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wherem R. s, for examp}e, ethy}, dpropyl butyl, pentyl, hexyl, heptyl, octy yl, -

decyl, undecyl dodecyl trtdecyl decyl, ‘pentadecyl, he”xadecyl decyl, -octas;

' ; d ' of the’; xsomenc forms thereof, cyclopropyl, cyclo- -

octyl, Z-meﬂxylcyclopentyl 23~

and 3-cyclopentylpropyl; : benzyl, ‘phenethyl, <

3—phenylpropyl ‘and a-naphth yl -which can be acylated by the - procedures .-

described - in, our. ‘copend g_dg tion No.' 5299/66 “(Serial No. 1,140,663) to form
the correspondmg 7-halc comycin ‘analogues, for example, thc compounds .o

Formuls XXIV ‘as given ahd ilistrated above, as well as the intermediates; therefor.” -

By substituting the lincomycin by epllmcomycm, there is obtained methyl 7-bromo

6,7,8 - trideoxy - 6 - (trans - 1 - methyl~=4 - propyl . L - 2 - pyrrohdmeearboxanudo)— ;

l-thm-a-octopyranosxde (7-bromo—7—deoxy-epzlmcomycm) which has the 'same’ anti

bacterial spectrum as hncomycm The ‘epilincomycin is prepured accordxng ‘to “the

following example:
EXAMPLE 2

A 7-Bromo-7-deoxyepilincomycin :
The procedure of Example 1 substituting the lincomycin by eptlmcomy ylelds
-bromo-7-deoxyep1hncomycm of the formula Fe

M

as the free base and as the hydtqchlomde ' ' 3

By substituting epilincomycin in this ‘example by epmncomycm nalogs of Formula _
II wherein Z, R, Ry,"Ry; Ry of the Ac group are as':given and 1llf|strated abo'v the
correspondmg 7-halo—7—dcoxyepﬂmcomycm analogs of the formula T
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CH

Halo P

‘L% B AeNH__ |

HO

——0

SR

OH
XXVII

wherein Z, R, Ry, R, and R of the Ac group are obtained. The preparation of epi--

lincomycin and .analogues thereof is described in British Specification No. 1,118,306.
All the compounds that have been described above, 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 whether the normal lincomycins (D-erythro) or the epi-lincomycins (L-threo) are

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

CH3
~_— OH
AcNH,

e t——

H
o L

OH

SR
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 pyrrolidine-
carboxylic acid of the formula: _

I
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CH
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AcNH____|
HO

SR

OH
XXVIII

wherein Z; R, Ry;:Re. and Ry of the Ac group: are obtained. The preparation of epi-
lmcomycm and analogues thereof is described in British Specification No. 1,118,306.
All the:compounds :that’ have been described above, therefore, have their counterpart
in the opposite conﬁguranon, that is configuration dcnved from the 7-epi form. As an
inversion is effected by the substitution of the 7-hydroxy by a Rydon reagent, the epi-
compotinds which have ithe L-threo configuration, are comverted to the D-erynhro
configuration. Thus event both the D-erythro and L-threo forms are obtained depending
on whether the normal lmcomycms (D-erythro) or the epi-lincomycins (L~threo) are

used o
WHAT WE CLAIM I8:—
1.-A compound of the formula

SR
OH

wherein R is alky_ of n0t more than 20 carbon atoms, cycloatkyl 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 pyrrolidine-
carboxyhc ac1d.of he formula

\\II\ll\\\\l\\ |||\\ \ll\l \\ \II\
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whiredii Ry ‘aifd R; ‘are
or cycloalkyl-alkylidene of from,

l

O:

R

S

or: X
O oY

HRl

i OHL

yliderie of ‘not' more ‘than 20" carbon’” atoms, ¢ycloalkylidene
3 to not more than 8 carbon atoms, or, aralkylidene

of pot-mibre. than: 12 carbon atoths; Rj is hydrogen or'HR; and Z is & protective hydro-

carbonyloxy-carbonyl ‘or substituted. hydrocarbonylogy-catbonyl group which is remov-

able by -hydiogenolysis, *trityl;* diphenyl "'(p'-‘méthé‘:iyphenyl)mémil’, . bis-(p-methoxy-
phenyl)phenyl—mejchyl,__ben-zyl or p-nitrobenzyl. . R R
2 ; O TN SRR IR T : :

.2, Acornpound'ofthe'fortm ’:’]a 3 “ DRSS LA

R st L

... 3. °A compound.of the fotntula -

wherem R, HRI, and HR, are loweralkyl of not more than gicgrﬁbn.éié:'n:s; RN

o

2OHE- L %

wherein R and HR, are jower atkyl'of not more than 8 catbon atoms.

wherein R, HR,, and

4. A compound according to claim 2 wherein R is me
is methyl. A

"HR, gre lower alkyl of not more than 8 ¢arbon atoms.

thtyl, H-Ri___i_s propyl, and HR.

10

15
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35. Theprocess of making compounds of the formula

T .

18 1,140,833
5. A compound according to claim 2 whgem R is methyl HR, is propyl and
HR; is hydrogen.
6. A compound according to claim 2 whérem R is methyl, HR, is propyl and
HR. is ethyl
5 7. A compound according to claim 2 wherein R is ethyl, HR, is propyl, and 5
HR; is methyl.
8. A compound accordmg to claim 2 wherein R is ethyl, HR, is propyl, and
HR, is hydrogen.
1o 9. A compound aocordmg to claJm 2 wherein R is ethyl, HR, is propyl, and HR,
is ethyl. 10
1% A compound acooxdmg to claim 2 wherein R is propyl, HR,, is propyl, and
HR; is methyl
11. A compound according to claim 2 wlrerem Ris pmpyl HR, is propyl, and
HR, is hydrogen.
15 - 12, etﬁ compound according to claim 2 wherem Ris propyl I-IR1 is propyl, and 15
R. is L )
13. A compound according to claim 2 wherem R is butyl, HR; is propyl, and
I'IR,; 18 meth 1.
14. A compound according to claim 2 wherem R is butyl, HR, is propyl, and
20 HR; is hydrogen. 20
HR 15. et%y i:ompound according to claim 2 wherein R is. butyl, HR1 is propyl; and
2 is
16. A compound according to claim 2 wherein R is methyl, HR, is pentyl, and
HR, is methyl.
25 17. A compound according to claim 2 wherein R is methyl, HR, is pentyl, and 25
HR; is hydrogen.
HR 18et£l§l.yoompound aocordmgtoclanmlwheremklsmethyl,lﬂllxspentyl,and
. 2 18 1
19. A compound accordmg to claim 2 wherein R is methyl, HR, is butyl, and :
30 HR, is methyl, 30
20. A compound aoc:ordmg to claim 2 wherem R is methyl, HR, is butyl, and
HR, is hydrogen.
IR, 21, etﬁ fompoxmd according to claim 2 wherin R is methyl, HR; is butyl, and
is ethy!
35 22. A compound accordmg to claim 2 wherein R is ethyl, HR, is butyl, and 35
HR; is methyl. :
23. A compound according to claim 2 wherein R is ethyl, HR, is butyl, and HR,
is hydrogen.
24. A compound according to claim 2 wherein R is ethyl, HR, is butyl, and HR,
40 is ethyl. 40
25. A compound accord.mg to claxm 2 wherein R is propyl HR, is butyl, and
HR, is methyl, S
26. A compound accm-dmg to clalm 2 wherexn R is propyl, HR, is butyl, and
HR; is hydrogen.
45 27. A compound according to claim 2 wherein R is propyl HR1 is butyl, and - 45
: HR, is ethyl.
28. A compound according to claim 2 wherein R is butyl, HR, is butyl, and
HR, is methyl,
29. A compound according to claim 2 wherem R is butyl, HR, is butyl, and
50 HR, is hydrogen. 50
30. A compound according to claim 2 wherem R is butyl, HR, is butyl, and
HR, is ethyl.
31. A compound according to claim 2 wherein R is cyclohexyl, HR1 is butyl, and
HR, is methyl.
55 32. A compound according to claim 2 wherem R is cyclohexyl, HR, is butyl, 55
and HR; is hydrogen.
33. A compound according to claim 2 wherein R is cyclohexyl, HR, is butyl, and
HR; is ethyl.
34, 7-bromo-7-deoxylincomycin. :
60 60



wherein halo is chlonne or bmnune and R and Ac are as deﬁned in clann 1 which
comprises’ reactmg a.compound of the formula ;

AcNH
HO

P TR L

. '-\J 5. with Rydon reagent atan eleVated :tempera‘cure in an inert solvent .
A 36. A process according to iclaim 35 wherein R is alkyl.
carbon atoms and Ac is z:he ac;%lcradlcal of a 4-subst1tuted-l.—2—pyrm11dinecarboxyhc
acid of the formula -

JRTTp

l:'--i-(B.-j. ._ |

OH

10 wherein R, and R, are alkyhdene:.of fiot more than 20. oarbon\aroms cycloalkyhdene 10
or cycloalkyl-alkylidene of from 3 to fiot more than 8 carbon aﬂmns, or aralkylidene
of not more than 12 carbon atoms;.and Ry is hydrogen or HR,. = !
37. A process for making ~b@mo—7-dcoxylmcmnycm D and analogues and iso-
mers thereof which comprise, 'tmg a compmmd of the general formula:

TOLEEaEn 1
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with a compound of the general formula:
z | 2%
N
OH
HR.S "
1 0
to 2 compound of general formula:
z
N
Br
|
HR.
. 0
5 wherein R and R, are alkyl of not more than 20 carbon atoms, cycloalkyl or cyclo- 5

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 o form a compound of the

general formula:

10

where R, R, are as given above.

10

38. The process for preparing 7-halo-7-deoxy-lincomycin D and analogues and
isomers thereof which comprises reacting a compound having the genetal formula

o
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wherein. R and _e' alkyl of not: . than 20 carbon atoms, cyeloalkyl or cyclo-
alkyl-alkyl of fromi 3:t0 not morc than'8. carbon atoms, or.aralky ‘of not more than

12 carbon -atoms, ‘and Z is a hydrocarbonyloxy-carbonyl or substitut hydrocarbonyl-

* oxy-carbonyl’ protective group, with'a .chlorinating or brominating ‘Rydon reagent at
. a temperature: effective t0 replace the:
: he Z

hydroxy group with chlonne or bromine then
oup toform a eompound of the general fommla

ve:a is: chlonne or bromlne
tlon of a compound as‘claimed in any of claims 1
Ey “to the Examples.

4 whenp1
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