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ABSTRACT OF THE DISCLOSURE OE 
Novel antibacterial compounds of the formula: wherein R is alkyl of not more than 20 carbon atoms, 

C advantageously not more than 8 carbon atoms, cycloalkyl 
3 l5 of from 3 to not more than 8 carbon atoms, and aralkyl 

O --SH of not more than 12 carbon atoms, advantageously not 
more than 8 carbon atoms; and 

R-C-N- 6 O 

H9 - - R 
4 OE 20 -- 

3 2 is the acyl radical of a 4-substituted-L-2-pyrrollidine-car 
H SR boxylic acid of the formulas: 

are prepared either by heating a compound of the for H.R. 
N 

mula: - 25 ki> (A) k> (B) CH3 C-OH - C-O 
R1 S ravatalo HR 

I O 

R-0.- -- wherein R and R2 are alkylidene of not more than 20 
-O 80 carbon atoms (including methylene), advantageously not 

K. > more than 8 carbon atoms, cycloalkylidene of from 3 to 
- SR not more than 8 carbon atoms, and aralkylidene of not 

OH II more than 12 carbon atoms, advantageously not more than 
8 carbon atoms; and R3 is hydrogen or HR. Any or all 
of the 2-, 3-, and 4-hydroxy groups as well as the -SH 
group can be esterified or etherified. 

Examples of alkyl of not more than 20 carbon atoms 
CH (R, HR1, and HR2) are methyl, ethyl, propyl, butyl, 
/- pentyl, hexyl, hepty, octyl, nonyl, decyl, undecyl, do 

EN 40 decyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, hepta 
decyl, octadecyl, nonadecyl, and eicosyl and the isomeric 

N 
EIO /-O 
K > forms thereof. Examples of cycloalkyl are cyclopropyl, 
OH 

-Y S R 
OE 

with water in dimethylformamide, the 2-, 3-, and 4-hy- 35 
droxy group may be covered with protective groups, or 
by heating a novel compound of the formula: 

cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclo 
octyl, 2-methylcyclopentyl, 2,3-dimethylcyclobutyl, 4 

. . . III 45 methylcyclobutyl, and 3-cyclopentylpropyl. Examples of 
with hydrogen sulfide in an inert solvent to form a novel aralkyl are benzyl, phenethyl, ox-phenylpropyl, and oz 
compound of the formula: naphthylmethyl. Examples of alkylidene, cycloalkylidene, 

CH and aralkylidene groups (R1 and R2) include methylene, 
ethylidene, propylidene, butylidene, pentylidene, hexyl 
idene, heptylidene, octylidene, nonylidene, decylidene, 

NE-- undecylidene, dodecylidene, tridecylidene, tetradecylidene, 
HO pentadecylidene, hexadecylidene, heptadecylidene, octa 

- O decylidene, nonadecylidene, eicosylidene, and the iso 
(or 55 meric forms thereof, cyclopropylidene, cyclobutylidene, 
-- SR cyclopentylidene, cyclohexylidene, cycloheptylidene, cyclo 

OE IV octylidene, 2-cyclopropylethylidene, 3-cyclopentylpropyl 
idene, benzylidene, 2-phenylethylidene, 3-phenylpropyli 
dene, and ox-naphthylmethylene. 
The novel compounds of the invention, Formula I, as 

well as other related compounds, can be prepared by heat 
ing a compound of the formula: 

rarSE 50 

which on acylation yields compounds of Formula I. The 
first process produces predominantly compounds having 
the 7 (R)- or D-erythro configuration whereas the second 60 
produces predonainantly compounds having the opposite 
configuration, 7 (S)- or L-threo. 

CH3 
7 

65 i rva-Ha. 
BRIEF SUMMARY OF THE INVENTION R-C-NE 

This invention relates to novel compounds and to proc- Ho /5 ON 
esses for preparing them, and is particularly directed to 4 OE 
7-mercapto-7-deoxylincomycins, and analogs thereof, to 70 
processes whereby they and like compounds are produced, | RS 
and to intermediates formed in these processes. OE 
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wherein 
S 
} 

R-C--- 

is the S-isolog of 

R4-C- 

with water in dimethylformamide or by heating a novel 
compound of the formula: 

CH3 

HN? 
N 

HO --O 

KD - SR 
O II. 

with hydrogen sulfide in an inert solvent to form a novel 
compound of the formula: 

CH3 

ra-SE 

N-- 

HO –o ( -YR 
OH IW 

which on acylation yields compounds of Formula I. The 
first process produces predominantly compounds having 
the 7(R)- or D-erythro configuration whereas the second 
produces predominantly compounds having the opposite 
configuration, 7 (S)- or L-threo. 
The HR-group can be in either the cis or transposi 

tion as illustrated in the following formulas: 

KGD. T. 1 - NH--- 
1–0 
O / N" OH SR 

trans 
V 

and 

R. 
N C 

KD in -NH-i- 
O HQ -o 

(...) Hir 
cis 
w 

If desired, the cis and trans isomers can be separated by 
counter current distribution of chromatography, either 
before or after replacement of the 7-hydroxy group. 
When R3 in Formula B is hydrogen, it can be replaced 

by suitable alkylation or like procedure. Advantageously, 
this replacement is effected by reacting the compound ac 
cording to Formula I-B, or II-B, wherein R is hydro 
gen 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. Suitable oxo com 
pounds having the formula R5RCO wherein R5R6C= 

IO 
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4. 
is the same as R2 given above. Examples of suitable oxo 
compounds are formaldehyde, acetaldehyde, propionalde 
hyde, butyraldehyde, acetone, isobutylmethyl ketone, 
benzaldehyde, phenylacetaldehyde, hydrocinnamaldehyde, 
acetophenone, propiophenone, butyrophenone, 3-methyl 
4-phenyl-2-butanone, 2 - methyl - 5 - phenyl-3-pentanone, 
3 - cyclopentanepropionaldehyde, cyclohexaneacetalde 
hyde, cycloheptanecarboxaldehyde, 2,2 - dimethylcyclo 
propylacetaldehyde, 2,2 - dimethylcyclopropyl methyl 
ketone, cyclopentyl methyl ketone, cyclobutyl methyl 
ketone, cyclobutanone, cyclohexanone, 4-methylcyclo 
hexanone, and the like. 

STARTING MATERIALS 

The starting compounds of Formula II are prepared by 
N-acylating a compound of the formula: 

CH 
7 

ravalo 

NH-6 
Ho /50 

KD | Yr 
OE 

wherein R is as given above with a 4-substituted-L-2-pyr 
rolidinecarboxylic acid of Formula A or B, covering the 
2-, 3-, and 4-position by a blocking group, and then heat 
ing the resulting compound of the formula: 

CE3 

WI 

ravra Ealo 

R- -NE-- 

AcO O 

KD, 
OAC W 

with phosphorus pentasulfide in an inert solvent. Ac rep 
resents a blocking group, for example, acetyl. The acyla 
tion and like N-acylations referred to herein, can be ef 
fected by procedures already well known in the art for 
acylating amino sugars. The blocking of the 2-, 3-, and 
4-positions can also be effected by groups well known in 
the art of sugar chemistry. 
The starting compounds of Formula VII can be pre 

pared by replacing the 7-OH group of a compound of 
the formula: 

IX 

by halogen by procedures given below which are not 
part of this invention, followed by N-acylation with the 
appropriate acid. Alternatively the N-acylation can be ef 
fected before the halogenation to give a compound of the 
formula: 
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which can then be converted to compounds of the for 
mula: 

CH 
O a-hal 

R-(-NH- - 

HP -o 

KD "Y, SR 
which in turn, after the 2-, 3-, and 4-positions are covered, 
is converted into a compound of Formula II by treatment 
with phosphorous pentasulfide. 
The starting compounds of Formula X above can also 

be prepared as described in U.S. Pat. 3,380,992 from 
starting compounds of Formula X wherein 

O 

R-C- 

is a 4-substituted pyrrolidinecarboxylic acid of the for 
mula: 

Z. % % 
N N N 

K P K P 2" K P R K-oh, Yi Yb-oh, Y-K-ort 
O R1 HR1 

O O 

wherein Z is a protective group removable by solvolysis 
or hydrogenolysis, for example, as described in U.S. Pat. 
3,380,992. Any and all of the compounds thus described 
in U.S. Pat. 3,380,992 can be converted to the correspond 
ing compound of Formula I by the processes of this in 
vention and all such compounds are to be considered as 
disclosed herein the same as if they had been specifically 
named. 
The starting compound of Formula VII and its N 

acylate can be prepared by heating a compound of For 
mula IX or X with Rydon reagent. The mechanism by 
which Rydon reagent effects the substitution of the 7 
hydroxy by halogen is not fully understood. The mecha 
nism is such that a change in configuration results. Thus, 
a 7 (R)-hydroxy compound of the D-erythro configura 
tion yields a 7 (S)-halo compound of the L-threo config 
uration. For example, 7 (S)-chloro-7-deoxylincomycin 
which is derived from lincomycin (lincomycin has D 
erythro configuration), has the L-threo configuration. 

Rydon reagents are formed by the addition of halogen 
to triphenylphosphine or triphenylphosphite or addition 
of an alkyl halide to triphenylphosphite and can be rep 
resented by the formula: 

{ X XE) mPX 
/ XXII 

{ X-0, 

SD)" 
{ X- O 

XXIII 

KD-o 

Ces {D-o XXIV 

O 
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6 
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 triphenylphos 
phite in an inert solvent such as acetonitrile or dimethyl 
formamide, or it can be isolated as a 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 dimeth 
ylformamide, until the desired substitution of the 7-hy 
droxy is obtained. The reaction takes place at ordinary 
temperature, though gentle heating can be effected if de 
sired. Advantageously the temperature is maintained be 
tween about 20° C. and about 55° C. The product can 
be recovered from the reaction mixture by well-known 
techniques such as filtration, solvent extraction, etc. The 
reaction mixture advantageously is treated with methanol 
to destroy any excess Rydon reagent, filtered to remove 
any solid such as triphenylphosphine oxide, formed in the 
reaction, and then treated to recover the product. The 
methanol can be added either before or after the filtra 
tion. Advantageously the treated and filtered reaction mix 
ture is evaporated to dryness and purified by solvent ex 
traction and/or chromatography. 
To effect the substitution of the 7-hydroxy with chlo 

rine by the thionyl chloride process, the starting com 
pound of Formula IX or X, advantageously in the form 
of an acid-addition salt, e.g., the hydrochloride, is mixed 
with thionyl chloride, advantageously in the presence of 
an inert solvent, with mild heating, advantageously at 
reflux temperature, until the desired substitution of the 7 
hydroxy group by chlorine is effected. Advantageously, 
the reaction is carried out in an inert atmosphere, e.g., 
under nitrogen. Carbon tetrachloride can be used effec 
tively 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 stir the reaction mixture at room tempera 
ture for a considerable period, say from about 1 to 18 
hours or as long as necessary to obtain a reasonable 
clear solution and then to raise the temperature to be 
tween 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 sol 
vent is removed by vacuum distillation at a pot tempera 
ture advantageously less than about 35° C. and the mate 
rial which precipitates is collected and dried and treated 
with ethanol to convert any residual sulfite intermediates 
to the desired product. The collected material can then be 
further purified by solvent extraction and/or recrystal 
lization 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 thionyl 
chloride is required for each mole of starting compound. 
Any larger amount can be used but ordinarily it is not 
necessary or desirable to use more than about a 10 mold 
excess. Advantageously, an excess of about 2 to 3 fold 
is used. The amount of solvent is not critical and can be 
varied widely in accordance with 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 im 
portant 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 work up of the product is sim 
plified. For example, with carbon tetrachloride a mixture 
of products precipitates directly on cooling the reaction 
mixture if the v./v. proportion of carbon tetrachloride 
to thionyl chloride is kept above about 10 to 1. 



3,544,551 
7 

Substitution of the 7-hydroxy by iodine is effected by a 
modification of the Rydon reagent process. In this proc 
ess, the desired halogen substitution is effected simply by 
mixing the starting compound of Formula IX or X with 
triphenylphosphine and carbon tetraiodide in an inert 
solvent. The reaction takes place at room temperature 
(25 C.) but gentle heating up to reflux temperature of 
50 to 60° C. can be used. 

Acetonitrile and nitromethane are illustrative solvents. 
The triphenylphosphine and carbon tetraiodide are opti 
mally used in equimolar proportions and advantageously 
in a substantial molar excess of the starting compound. 
Optimally about 4 moles of triphenylphosphine and 4 
moles of carbon tetraiodide are used for each mole of 
starting compound of Formula IX or X. The process can 
also be used for effecting chlorination and bromination 
by substituting carbon tetrachloride or carbon tetrabro 
mide for the carbon tetraiodide. 
Any or all of the 2-, 3-, and 4-hydroxy groups and the 

7-SH group can be esterified either before or after the 
halogenations, for example, with hydrocarbon carboxylic 
acids, advantageously of not more than 18 carbon atoms, 
or halo-, nitro-, hydroxy-, amino-, cyano-, thiocyano-, or 
alkoxy substituted hydrocarbon carboxylic acids, advan 
tageously also of not more than 18 carbon atoms. 
Example of carboxylic acid acyl radicals are the acyl 

radicals of the following acids: (a) saturated or unsatu 
rated, straight or branched chain aliphatic carboxylic 
acids, for example, acetic, propionic, butyric, isobutyric, 
tert-butylacetic, valeric, isovaleric, caproic, caprylic, dec 
anoic, dodecanoic, lauric, tridecoic, myristic, pentadec 
anoic, palmitic, margaric, stearic, acrylic, crotonic, undec 
yclenic, oleic, hexynoic, heptynoic, octnoic acids, and 
the like; (b) saturated or unsaturated, alicyclic carboxylic 
acids, for example, cyclobutanecarboxylic acid, cyclo 
pentanecarboxylic acid, cyclopentenecarboxylic acid, 
methylcyclopentenecarboxylic acid, cyclohexanecarboxy 
lic acid, dimethylcyclohexenecarboxylic acid, dipropyl 
cyclohexanecarboxylic acid, and the like; (c) Saturated 
or unsaturated, alicyclic aliphatic carboxylic acids, for 
example, cyclopentanepropionic acid, cyclohexanebutyric 
acid, methylcyclohexaneacetic acid, and the like; (d) 
aromatic carboxylic acids, for example, benzoic acid, 
toluic acid, naphthoic acid, ethylbenzoic acid, isobutyl 
benzoic acid, methylbutylbenzoic acid, and the like; (e) 
aromatic-aliphatic carboxylic acids, for example, phenyl 
acetic acid, phenylpropionic acid, phenylvaleric acid, cin 
namic acid, phenylpropiolic acid and naphthylacetic acid, 
and the like. Suitable halo-, nitro-, hydroxy-, amino-, 
cyano-, thiocyano-, and lower alkoxyhydrocarbon car 
boxylic acids include hydrocarbon carboxylic acids as 
given above which are substituted by one or more of halo 
gen, nitro, hydroxy, amino, cyano, or thiocyano, contain 
ing a total of not more than 18 carbon atoms, or alkoxy 
hydrocarbon carboxylic acids of not more than 18 carbon 
atoms. Suitable such alkoxy groups include methoxy, 
ethoxy, propoxy, butoxy, amyloxy, hexyloxy, dodecyloxy, 
hexadecyloxy, and isomeric forms thereof. Examples of 
such substituted hydrocarbon carboxylic acids are mono-, 
di-, and trichloracetic acid; o- and g-chloropropionic 
acid; o- and y-bromobutyric acid; o- and (3-iodovaleric 
acid; mevalonic acid; 2- and 4-chlorocyclohexanecar 
boxylic acid; shikimic acid; 2-nitro-1-methylcyclobutane 
carboxylic acid; 1,2,3,4,5,6 - hexachlorocyclohexanecar 
boxylic acid; 3 - bromo - 2 - methylcyclohexanecarboxylic 
acid; 4- and 5 - bromo - 2 - methylcyclohexanecarboxylic 
acid; 5- and 6 - bromo - 2 - methylcyclohexanecarboxylic 
acid; 2,3-dibromo - 2 - methylcyclohexanecarboxylic acid; 
2,5-dibromo-2-methylcyclohexanecarboxylic acid; 4,5-di 
bromo-2-methylcyclohexanecarboxylic acid; 5,6-dibromo 
2 - methylcyclohexanecarboxylic acid; 3-bromo-3-methyl 
cyclohexanecarboxylic acid; 6 - bromo-3-methylcyclohex 
anecarboxylic acid; 1,6-dibromo-3-methylcyclohexane 
carboxylic acid; 2 - bromo-4-methylcyclohexanecarboxylic 
acid; 1,2-dibromo - 4 - methylcyclohexanecarboxylic acid; 
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8 
3-bromo - 2,2,3 - trimethylcyclopentanecarboxylic acid; 1 
bromo-3,5-dimethylcyclohexanecarboxylic acid; homo 
gentisic acid, o-, m-, and p-chlorobenzoic acid; anisic 
acid; salicyclic acid; p-hydroxybenzoic acid; 6-resorcylic 
acid; gallic acid; veratric acid; trimethoxybenzoic acid; 
trimethoxycinnamic acid; 4,4'-dichlorobenzilic acid; o-, 
m-, and p-nitrobenzoic acid; cyanoacetic acid; 3,4- and 
3,5-dinitrobenzoic acid; 2,4,6-trinitrobenzoic acid; trio 
cyanoacetic acid; cyanopropionic acid; and lactic acid. 
Examples of such alkoxyhydrocarbon carboxylic acids 
are ethoxyformic acid (ethyl hydrogen carbonate); butyl 
oxyformic acid; pentyloxyformic acid; hexyloxyformic 
acid; dodecyloxyformic acid; hexadecyloxyformic acid; 
and the like. 
Any or all of the 2-, 3-, and 4-hydroxy groups and the 

7- SH groups can also be etherified, for example, with 
alkyl, advantageously of not more than 20 carbon atoms; 
cycloalkyl, advantageously of from 3 to not more than 
12 carbon atoms; or ylidene (e.g., 3,4-o-ylidene) group 
for example alkylidene, advantageously of not more than 
20 carbon atoms and aramethylidine and vinylogs there 
of, advantageously of not more than 12 carbon atoms. 
Examples of alkylidene are given above and examples 
of aralkylidene are furfurydidene, 5-methylfurfurylidene, 
benzylidene, m-tolylidene, o-tolylidene, p-tolylidene, o 
chlorobenzylidene, m-chlorobenzylidene, m-bromobenzyli 
dene, p-bromobenzylidene, p-methoxybenzylidene, m 
methoxybenzylidene, o - methoxybenzylidene, 3,4 - di 
methoxybenzylidene, salicylylidene, p-hydroxybenzyli 
dene, 3,4,5-trimethoxybenzylidene, piperonylidene, o-nitro 
benzylidene, p-chlorobenzylidene, m-nitrobenzylidene, p 
nitrobenzylidene, 3-naphthylidene, o-bromobenzylidene, 
2,4-dichlorobenzylidene, 3-methoxy-4-hydroxy-benzyli 
dene, terephthylidene, 3,4-dihydroxybenzylidene, and cin 
namylidene. 

Starting compounds of Formula III are prepared by 
dehydrohalogenation of compounds of Formula VII. This 
suitably is effected by heating a compound of Formula 
VII with an acid acceptor in a solvent. Suitable acid ac 
ceptors include anhydrous sodium carbonate, potassium 
carbonate, triethylamine, collidine, and potassium hydrox 
ide. Suitable solvents are dimethylformamide, dimethyl 
sulfoxide, ethyleneglycol, benzene, and alcohol. The tem 
perature can range from about 25 C. to about the boil 
ing point of solvent. 

DETALED DESCRIPTION 

According to one embodiment of the invention a start 
ing compound of Formula II is heated with water in 
dimethylformamide. The 2-, 3-, and 4-hydroxy group ad 
vantageously, though not necessarily, are covered with 
protective groups. These protective groups sometimes re 
sult from the process for the preparation of compounds 
of Formula II, in which case it is not necessary to remove 
them at this stage. The amount of water is not critical as 
long as a substantial excess is present and as long as an 
essentially homogeneous solution is produced. Advan 
tageously the ratio of water to dimethylformamide is 1:9 
to 1:1. The solution advantageously is heated at reflux. 
Higher or lower temperatures, however, can be used. 
Ordinarily, however, it is not necessary or desirable to 
go below about 25 C. or above about 160° C. 

According to another embodiment, a starting com 
pound of Formula III is converted to a compound of For 
mula IV by heating in an inert solvent under a pressure 
of hydrogen sulfide. Suitably the compound of Formula 
III is mixed with 2-propanol, or like solvent, saturated 
With hydrogen sulfide and heated in a bomb at a tempera 
ture of about 100 C. Higher or lower temperatures, say 
from about 25 C. to about 150° C., can be used. The 
resulting compound, Formula IV, can then be N-acylated 
to form compounds of Formula I. This process produces 
predominantly compounds having the 7 (S)- or L-threo 
configuration; that previously described produces pre 
dominantly the opposite configuration. 
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An alternative process starts with a compound of For 

mula VII, reacts it with an acylating agent to form a 
compound of the formula: 

CH3 
ruraHalo 

AcNH--- 

"K.), 
OAC XII 

The acylation can be effected in a known manner with 
acetic anhydride or acetyl chloride, or the acid anhy 
drides and acid halides of any of the carboxylic acids 
listed above. The compound of Formula XII is then re 
acted with phosphorous pentasulfide as described above 
to form a compound of the formula: 

CH3 
ravadalo 

Rs-C-NH--- 

"KD, 
O Ac XIII 

where 
S 

R8-C- 

is the S-isolog of Ac. The compound of Formula XIII 
is then heated in contact with water in dimethylform 
amide as described above to form a compound of the 
formula: 

CH3 

EIS Murav 

AcNH--- 

OAC XIV 

which on hydrazinolysis (heating with hydrazine in an 
inert solvent) yields a compound of the formula: 

CE8 
ES rurav 

NE-- 

Hg/l on K.) - SR 
OE XV 

The compound of Formula XV can then be N-acylated 
as described above to form a compound of Formula I. 
This process produces predominantly compounds having 
the 7(R)- or D-erythro configurations. 
The compounds and intermediates of Formulas I-A, 

I-B, III, and IV exist either in the protonated or non 
protonated forms according to the pH of the environment. 
When the protonated form is intended, the compound is 
qualified as an acid-addition salt and when the non-pro 
tonated form is intended it is qualified as the free base. 
The free bases can be converted to stable acid-addition 
salts by neutralizing the free base with the appropriate 
acid to below about pH 7.0, and advantageously to about 
pH 2 to pH 6. Suitable acids for this purpose include 
hydrochloric, sulfuric, phosphoric, thiocyanic, fluosilicic, 
hexafluoroarsenic, hexafluorophosphoric, acetic, succinic, 
citric, lactic, maleic, fumaric, pamoic, cholic, palmitic, 
mucic, camphoric, glutaric, glycolic, phthalic, tartaric, 
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10 
lauric, stearic, salicylic, 3'-phenylsalicylic, 5-phenylsali 
cylic, 3-methylglutaric, orthosulfobenzoic, cyclopentane 
propionic, 1,2-cyclohexanedicarboxylic, 4-cyclohexanecar 
boxylic, octadecenylsuccinic, octenylsuccinic, methanesul 
fonic, benzenesulfonic, helianthic, Reinecke's, dimethyl 
dithiocarbamic, cyclohexylsulfamic, hexadecysulfamic, 
octadecylsulfamic, sorbic, monochloroacetic, undecylenic, 
-hydroxyazobenzene-4-sulfonic, octyldecylsulfuric, pic 

ric, benzoic, cinnamic, and like acids. 
The acid-addition salts can be used for the same pur 

poses as the free base or they can be employed to up 
grade the same. For example, the free base can be con 
verted to an insoluble salt, such as the picrate, which can 
be subjected to purification procedures, for example, sol 
vent extractions and washings, chromatography, fraction 
all liquid-liquid extractions, and crystallization and then 
used 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 sulfate and the aqueous solu 
tion of the salt extracted with various water-immiscible 
solvents before regenerating the free base form by treat 
ment of the thus-extracted acid solution or converted to 
another salt by metathesis. The free bases of Formulas 
I-A, I-B, III, and IV can be used as a buffer or as an 
antiacid. The compounds of Formulas I, II, III, and IV 
react with isocyanates to form urethanes and can be used 
to modify polyurethane resins. The long chain compounds, 
i.e., where HR2 is alkyl of from 8 carbon atoms up, have 
surface active properties and can be used as wetting and 
emulsifying agents. The thiocyanic acid addition salt when 
condensed with formaldehyde forms resinous materials 
useful as pickling inhibitors according to U.S. Pats. 
2,425,320 and 2,606,155. The free bases also make good 
vehicles for toxic acids. For example, the fluosilicic acid 
addition salts are useful as mothproofing agents accord 
ing to U.S. Pats. 1915,334 and 2,075,359 and the hexa 
fluoroarsenic acid and hexafluorophosphoric acid addition 
salts are useful as parasiticides according to U.S. Pats. 
3,122,536 and 3,122,552. The compounds of Formulas I 
and IV are scavengers for free radicals and can be used 
to terminate free radical reactions. 

7-mercapto-7-deoxylincomycin, and its close analogues, 
i.e., where -RH is cis or trans alkyl of not more than 
8 carbon atoms; R3 is hydrogen, methyl, or ethyl; R is 
alkyl of not more than 8 carbon atoms, have antibacterial 
properties somewhat inferior to lincomycin but can be 
used for the same purposes as lincomycin. The other an 
alogues and isomers have similar antibacterial properties 
but to a lesser degree and can be used for the same 
purposes as lincomycin where larger amounts are not 
objectionable. 
The following examples are illustrative of the process 

and products of the present invention but are not to be 
construed as limiting. The parts and percentages are by 
Weight and the solvent ratios are by volume unless other 
wise specified. 

EXAMPLE 1. 

7(S)-mercapto- 7-deoxylincomycin methyl 7-mercapto 
6,7,8-trideoxy-6-(trans-1-methyl- 4 - propyl-L-2-pyrrol 
idinecarboxamido)-1-thio-L-threo - c. - D - galactoocto 
pyranoside 

CEhs 

ki, T. C3H7 D --SH 
N- (-NH-i- 

O HO lo 

(D - CEis 
OH xv. 
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Part A-1.-Methyl 6,7-aziridino-7-deoxy-o- 
thiolincosaminide 

CH 

N 
- HO -O 

(D - -Y SMe 
OE OH 

XVII XVIII 

A mixture of 1. g. of methyl 7 (S)-chloro-7-deoxy-o-thio 
lincosaminide and 3 g, of anhydrous sodium carbonate 
in 40 ml. of dimethylformamide was heated at reflux for 
5 min. This solvent was distilled under vacuum. The 
residue was crystallized from methanol affording 370 
mg. (45.2% yield) of methyl 6,7-aziridino-7-deoxy-cy 
thiolincosaminide; M.P. 192-198. A second crop of crys 
tals, M.P. 182-189, 160 mg. (18.5%), was obtained on 
concentration of the mother liquors. Two recrystalliza 
tions from methanol-acetone gave crystals, M.P. 203 
220, ox--320 (dimethyl sulfoxide). 

Analysis.-Calcd. for CHNOS (percent): C, 45.94; 
H, 7.28; N, 5.95. Found (percent): C, 45.97; H, 7.44; 

CH 
--Cl 

H2N-- 

EO O 

SMe 

N, 6.19. 
Part B-1.-Methyl 7 (S)-mercapto-7-deoxy-o- 

thiolincosaminide 
C3 CH 

M --SH 
HN 
N- HN-- 

Ho / On Ho / -O 
a-walls Kor KD - SMe |- SMe 

OH. XVII OH. XIX 

A mixture of 1.5 g. of methyl 6,7-aziridino-7-deoxy 
or-thiolincosaminide in 30 ml. of 2-propanol was satu 
rated with HS while cooling in a bath of ice-methanol. 
The reaction mixture was heated in a bomb on a steam 
bath for 5 hours. During this time methyl 6,7-aziridino 
7-deoxy-or-thiolincosaminide gradually dissolved forming 
a solution from which crystalline methyl 7 (S)-mercapto 
7-deoxy-o-thiolincosaminide began to precipitate. Filtra 
tion of the cooled mixture gave 1.6 g. of methyl 7 (S)- 
mercapto-7-deoxy-o-thiolincosaminide, M.P. 190-197 C. 
A portion was recrystallized from ethanol to form the 
analytical sample, M.P. 195-198 C. 

Analysis.--Calcd. for C9H19NOS2 (percent): C, 40.13; 
H, 7.11; N, 5.20; S, 23.80, Found (percent): C, 40.36; 
H, 7.12; N, 5.03; S, 24.21. 

Part C-1.-7 (S)-mercapto-7-deoxylincomycin 
hydrochloride 

CH3 CH 

--SH --S 

H2N-- PEIA-N-- 
O -O Ams FIO --O 

OE K. K.D. N"Yo 
H OH O 

XIX XX 

To a solution of 5.2 g (25.2 mM.) of trans-1-methyl 
4-n-propyl-L-proline hydrochloride and 7.16 ml. (51 
mM.) of triethylamine in 250 ml. of acetonitrile cooled 
in an ice-methanol bath was added 3.42 ml. (25.2 mM.) 
of i-butyl chloroformate. After stirring for 20 minutes, a 
solution of 6.8 g. (25.2 mM.) of methyl 7 (S)-mercapto-7- 
deoxy-o-thiolincosaminide in 100 ml. of water was added. 
The resulting reaction mixture was stirred at ambient 
temperature for 2 hrs. The organic solvent was distilled 
in vacuo and the residue extracted with methylene chlo 
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12 
ride. After drying the methylene chloride was distilled 
leaving a residue of 10.2 g. The crude oil was dissolved 
in 50 ml, of acetone and excess dilute HCl added. An 
additional 250 ml. of acetone was added causing the pre 
cipitation of a gummy solid. This precipitate hardened 
when triturated with 250 ml. of fresh acetone. It was col 
lected by filtration. A g. portion was chromatographed 
over silica gel using methanol-chloroform 1:4 for elution. 
The fractions showing antibacterial activity were pooled 
and evaporated to dryness. This material (307 mg.) was 
dissolved in acetone and acidified. Evaporation of the 
solvent gave 7 (S)-mercapto - 7 - deoxylincomycin hydro 
chloride as a glassy solid. 

Analysis.-Calcd, for C18H3N2O5S2'HCl (percent): 
C, 47.09; H, 7.69; N, 6.10. Found (percent): C, 47.25; 
H, 7.87; N, 5.60. 
Antibacterial spectrum: Mcg/ml. 

Staphylococcus aureus ------------------- 1.6 
Streptococcus hemolyticus --------------- 0.8 
Streptococcus faecalis ------------------- 1.6 
Bacillus Subtilis ------------------------ 6.4 
Gram negative ------------------------- >200 

1. Two-fold dilution end points in brain-heart infusion broth 
at 20 hours. 

EXAMPLE 2 

7(R)-mercapto-7-deoxylincomycin hydrochloride 

GH, 
N CH 

(GED HS--- 
- C-NE-- 

O HO O 

(or H SCH3 XXI 

Part A-2-Methyl 7 (S)-chloro-7-deoxy-o- 
thiolincoSaminide 

C3 

HO-- 

EIN-- 

> - KD 

CH3 

EO.-- 

Me 
O 

SMe 
H 

XXIII XVI 

To a suspension of 197.2 g of triphenylphosphine in 
1.5 i. of anhydrous acetonitrile was added 52.5 g. of chlo 
rine. With stirring, 18.75 g. of methyl-o-thiolincosaminide 
(U.S. Pat. 3,179,565) was added. After 2.5 hrs. at am 
bient temperature, 50 ml. of methanol was added. The 
mixture was concentrated to a thick syrup. The concen 
trate was diluted with methylene chloride and extracted 
three times with water. The aqueous extracts were Washed 
twice with methylene chloride. The extracts were made 
alkaline with sodium hydroxide and extracted repeatedly 
with methylene chloride. The organic extract was dried 
and evaporated under vacuum. The residue was chromato 
graphed over 1.1 kg. of silica gel using chloroform-meth 
anol (4:1) for elution. The major fraction selected on the 
basis of its TLC (thin layer chromatography) profile 
weighed 4.4g. Recrystallization from methanol-water af 
forded 2.73 g. of methyl 7 (S)-chloro-7-deoxy-cy-thiolin 
cosaminide, M.P., 178-181° C. 

Analysis.--Calcd. for CHCINOS (percent): C, 
39.77; H, 6.67; N, 5.16; S, 11.80; O, 13.05. Found (per 
cent): C, 39.91; H, 7.02; N, 5.57; S, 11.99; O, 13.33. 
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Part B-2-Methyl 7 (S)-chloro-7-deoxy-ca-thiolincos 
aminide 2-0,3-0,4-0,N-tetraacetate 
CH3 CH 
--C --Cl 

EIN-- AcNH--- 

HO AcO - ON O 
a 

OH O Ac 
N Y SMe SMe 

OH. OAC 
XVII XXII 

A solution of 2 g. of methyl 7 (S)-chloro-7-deoxy-cz 
thiolincosaminide in 5 ml. of acetic anhydride and 5 ml. 
of pyridine was maintained at 26 for 5 hrs. Dilution with 
ice-water afforded a crystalline product which was col 
lected by filtration. The yield of crude product, M.P. 
174-198 C. dec., was 2.17 g. Chromatography over silica 
gel using cyclohexane:ethyl acetate (1:2) for elution led 
to the separation of 1.08 g. methyl 7 (S)-chloro-7-deoxy 
cy-thiolinicosaminide tetraacetate which after several re 
crystallizations from acetone-water melted at 249-252 
C. and had ap--235. 
Part C-2-N-thioacetyl-2,3,4-tri-O-acetyl-7 (S)-chloro-7- 

deoxy-a-thiolincosaminide 
CH3 CH3 

9 --Cl --Cl CH3C-N-- CHé-HN-- 
Aco / O AcO ...Y Immed 

OAC OAc 

Y SMe Y SM 
OAC XXV OAC XXVI 

A mixture of 4.63 g. of methyl 7 (S)-chloro-7-deoxy-ox 
thiolinicosaminide tetraacetate and 2.22 g. of phosphorus 
pentasulfide in 55 ml. of dioxane was heated at reflux for 
1 hr. The solvent was evaporated under vacuum and the 
residue dissolved in methylene chloride. After washing 
twice with dilute alkali followed by washing with water 
and drying over sodium sulfate the solvent was distilled 
leaving a crystalline residue of 4.7 g. This residue was re 
crystallized from ethyl acetate-Skellysolve B (technical 
hexane) to give 1.73 g. of first crop crystals, M.P. 208 
216 C. and 0.81 g. of second crop crystals, M.P. 206 
212° C., the total yield was 2.54 g. (53.2%). 
A portion was recrystallized successively from ethyl 

acetate-Skellysolve B, acetone-water, and ethyl acetate 
Skellysolve B to furnish an analytical sample. It melted 
at 208-210 C., with a small amount of solid remaining 
to 218 C., and rotated at -259 (CHCl). 

Analysis.-Calcd. for C19H29NOS (percent): C, 
47.58; H, 6.10; N, 2.92; S, 13.37. Found (percent): C, 
47.60; H, 6.06; N, 3.05; S, 13.05. 
Part D-2-Methyl 7 (R)-mercapto-7-deoxy-o-thiolincos 

aminide 2-0, 3-0, 4-0,N-tetraacetate 
CH CHs 

s --C HS-- 
CH3C-EN-- AcHN-- 

AcO -o- - Aco Lo 

SMe SMe 
OAC OAC 

XXVI XXVII 

A Solution of 870 mg. of thioamide of Part C-2 in 20 
mi. of dimethylformamide and 10 ml. of water was heated 
under reflux for 1.5 hrs. The solvent was distilled in 
vacuo. The residue was purified by chromatography over 
silica gel using cyclohexaneacetone (2:1) for elution. The 
product fraction of 619 mg. was recrystallized from ethyl 
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14 
acetate. The yield of methyl 7(R)-mercapto-7-deoxy-a- 
thiolinicosaminide tetraacetate, M.P. 245-247, 

olD--212 

(CHCl), was 300 mg. 
Analysis.-Calcd. for CHNOS (percent): C, 

46.66; H, 6.22; N, 3.20; S, 14.66. Found (percent): C, 
46.44; H, 6.22; N, 3.18; S, 14.38. 

Part E-2-Methyl 7 (R)-mercapto-7-deoxy-cy-thiolincos 
aminide 

CH3 CE3 

EIS-- HS-- 

AcN-- H2N-- 

Aco / O Ho / -O 

K9A s-m3 K9It > - SMe - SMe 
OAC O 

XXVI XXVIII 

Eight grams of the tetraacetate of Part D-2 was heated 
at reflux in 70 ml. of hydrazine hydrate for 2 hrs. The 
solution was evaporated to dryness under 1 mm. pressure. 
To the residue was added 50 ml. of 2-propanol with 
warming and stirring. Crystals formed rapidly. The solu 
tion was cooled and filtered. After drying a bluish-gray 
solid of 5.2 g. was obtained, M.P. 152-165 C., gradually 
darkened (sintered) and decomposed at 186° C. TLC on 
silica gel using systems of chloroform-methanol of 4:1 or 
2:1 showed two major products and only a trace of ma 
terial moving with acetyl hydrazine. The smaller of the 
two major products on TLC moves with the 7 (S) isomer 
(Part B-1), th larger (the 7(R) isomer) moving slightly 
slower. The product as well as the mother liquors had a 
strong odor of H2S. One attempt of chromatography led 
to decomposition and low recovery. Therefore this prod 
uct was used in the next step where separation of a pure 
product proved to be less complicated. 

Part F-2-7(R)-mercapto-7-deoxylincomycin 
hydrochloride 

CIH3 CE 

HS-- Hs-- 
H2N-- PEIANE--- 

HOK D HO ..") "/ Me KDSMe 
OH OEE 

XXVIII XXIX 

Isobutyl chloroformate (2.72 ml., 20 mM.) was added 
at -5 to a solution of 4.14 g. (20 mM.) of trans-1- 
methyl-4-n-propyl-L-proline and 5.6 ml. (40 mM.) of 
triethylamine in 250 ml. of acetonitrile. After 10 min. 
stirring a solution of 5.2 g. of the methyl 7(R)-mercapto 
7-deoxy-o-thiolincosaminide of Part E-2 in 130 mi. of 
Water was added. The resulting mixture was stirred for 2 
hrs. The acetonitrile was removed by distillation and the 
aqueous Solution extracted with methylene chloride. A 
residue of 6.26 g. was obtained by evaporation of the sol 
vent. TLC (CHCl3-MeOH 4:1) showed chiefly two ma 
terials active vs. S. lutea. The smaller spot was not sepa 
rated by TLC from the 7 (S) isomer. The larger spot 
possessed a slightly less Rf. Chromatography over silica 
gel using methanol-chloroform 1:4 for elution gave a 
fraction of 5.96 g. of good quality 7 (R)-mercapto-7- 
deoxylincomycin. A center cut of this fraction was dried 
at 50 C. for elemental analysis. It gave oz-12.5° 
(H2O). - 
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Analysis.-Calcd. for C18H3N2O5S2 (percent): C, 
51:15; H, 8.11; N, 6.63. Found (percent): C, 51.18; H, 
8.16; N, 6.96. 

Antibacterial spectrum. Mcg../ml. 
Staphylococcius aureus ----------------- 3.2-6.4 
Streptococcus hemolyticus --------------- 6.4 
Streptococcus faecalis ------------------ 6.4 
Bacillus subtilis ----------------------- 50 
Gram negative ------------------------ >200 

1. Two-fold dilution end point in brain-leart infusion broth 
at 20 hours. 

EXAMPLE 3 

7(R)-mercapto-7-deoxylincomycin hydrochloride 

Part A-3-7 (S)-chloro-7-deoxylincomycin hydrochloride 

A solution of 50 g. of lincomycin hydrochloride, 120 
g. of triphenylphosphine, and 500 ml. of acetonitrile in a 
3–1. flask equipped with a stirrer was cooled in an ice 
bath and 500 ml. of carbon tetrachloride was added in 
one portion. The reaction mixture was then stirred for 
18 hr. without addition of ice to the cooling bath. The 
reaction was evaporated to dryness under vacuum on a 
50-60 water bath, yielding a clear, pale yellow viscous 
oil. An equal volume of water was added and the mixture 
shaken until all of the oil was dissolved. The resulting 
suspension of white solid (baPO) was filtered through 
a sintered glass mat and discarded. The filtrate was ad 
justed to pH 11 by addition of 6 N aqueous sodium 
hydroxide. A solid precipitated. The resulting slurry was 
extracted with four 300 ml. portions of chloroform. The 
aqueous phase was discarded. The combined chloroform 
extract was washed once with 100 ml. of saturated aque 
ous sodium chloride solution and the sodium chloride 
phase was discarded. The chloroform phase was evapo 
rated to dryness under vacuum on a 50-60° C. Water 
bath and an equal volume of methanol was added to 
the residue and the resulting solution heated at reflux for 
1 hr. The methanol solution was evaporated to dryneSS 
under vacuum on a 50-60 C. water bath. The residue 
was a clear pale yellow viscous oil. An equal volume of 
water and 10 ml. of 37% aqueous HC1 was added and 
the resultant was shaken until the oil dissolved and a 
white solid (more paPO) remained in suspension. The Sus 
pension was filtered through a sintered glass mat at pH 
1-2 and the solid discarded. The filtrate was extracted 
twice with 100 ml. of carbon tetrachloride. The carbon 
tetrachloride phase was discarded. The aqueous phase was 
adjusted to pH 11 by addition of 6 N aq. sodium hy 
droxide and extracted four times with 300 ml. portions of 
chloroform. The combined chloroform extract was 
washed three times with 100 ml. of saturated aq. Sodium 
chloride solution and the sodium chloride phase was dis 
carded. The chloroform extract was dried over anhydrous 
magnesium sulfate, filtered and the filtrate evaporated to 
dryness under vacuum on a 50-60° C. water bath. The 
residue was a clear, colorless glass weighing 45 g. analyZ 
ing about 95% 7 (S)-chloro-7-deoxylincomycin. To the 
crude product there was added 100 ml. of ethanol with 
warming until a clear solution was obtained. Then 150 
ml. ethyl acetate was added and the resultant filtered 
through a glass mat and the filtrate adjusted to pH 1 by 
the addition of saturated ethanolic HC1. Crystallization 
soon occurred. The resultant was allowed to stand at 0 
C. for 18 hrs. and then filtered through a sintered glass 
mat. The solid was dried under vacuum at 60° C. for 
18 hr. yielding 35 g. (67% yield) of 7 (S)-chloro-7-de 
oxylincomycin hydrochloride as an ethanol solvate. On 
recrystallization from aqueous acetone (7 ml. H2O to 300 
ml. acetone) there was obtained an analytical sample 
having the following analysis: 

16 
Analysis.--Calcd. for C18H33ClN2O5SHCl"HaO (per 

cent): C, 45.18; H, 7.37; S, 6.70; HO, 3.77. Found (per 
cent): H, 45.09; H, 7.74; S, 6.45; H2O, 4.24. 
IoxJDH2O-145. 

5 Part B-3-7(S)-chloro-7-deoxylincomycin triacetate 
25 g. of 7 (S)-chloro-7-deoxylincomycin hydrochloride 

was dissolved with warming in 125 ml. of pyridine and 
125 ml. of acetic anhydride. After 17 hrs. at ambient 
temperature water was added while cooling until no 
further exothermine effect was noted. The solution was 
concentrated under vacuum. The residue was dissolved in 
250 ml. of water and 20% aqueous sodium hydroxide 
added with cooling and stirring until the solution gave an 
alkaline reaction to test paper. The solid was collected by 
filtration, washed with water and dried at 50° C. under 
vacuum. The yield was 28 g. of 7 (S)-chloro-7-deoxylinco 
mycin triacetate. On heating in a mp bath it liquified at 
116-120° C. 
By substituting lincomycin in Examples 1 and 2 by other 

alkyl, cycloalkyl, or aralkyl 6,8-dideoxy - 6 - (trans-1- 
methyl-4-propyl-L-2-pyrrollidinecarboxamido)-1-thio - D 
erythro-ox-D-galacto-octopyranosides where alkyl, for ex 
ample, is ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, 
nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl, 
pentadecyl, hexadecyl, heptadecyl, octadecyl, monadecyl, 
and eicosyl and the isomeric forms thereof; cycloalkyl, 
for example, is cyclopropyl, cyclobutyl, cyclopentyl, cy 
clohexyl, cycloheptyl, cyclooctyl, 2-methylcyclopentyl, 2, 
3-dimethylcyclobutyl, 2-methylcyclobutyl, and 3-cyclo 
pentylpropyl; and aralkyl, for example, is benzyl, phen 
ethyl, 3-phenylpropyl, and 1-naphthylmethyl, the corre 
sponding alkyl, cycloalkyl, and aralkyl, 6-acylamino- and 
6 - thioacylamino - 6,8 - dideoxy-1-thio-D-erythro-ox-D- 
galacto-octopyranosides are obtained. For example, by 
substituting the lincomycin by ethyl, propyl, butyl, pentyl, 
and hexyl 6,8-dideoxy-6-acylamino- and 6-thioacylamino 
1-thio-D-erythro-o-D-galacto-octopyranosides, the ethyl, 
propyl, butyl, pentyl, and hexyl 6-acylamino- and 6-thio 
acylamino - 6,8 - dideoxy-1-thio-D-erythro-O-D-galacto 
octopyranosides and the corresponding 6-acylamino- and 
6 - thioacylamino-7-halo-6,7,8-trideoxy-1-thio-L-threo-a- 
D-galacto-octopyranosides, are obtained. 
The acyl amino and thioacylamino groups can be 4 

substituted-L-7-pyrrolidinecarboxamido and 4-substituted 
L-2-pyrrollidine thiocarboxamido of the formula: 

O 
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where R, R2, and R3 are as given above. Advantageously 
R1 and R2 can be methylene, ethylene, propylene, butyl 
ene, pentylene, or hexylene, and R3 can be hydrogen or 
HR in any combinations. 
By substituting the lincomycins in the foregoing by 7 

epilincomycins, the like compounds in the opposite con 
70 figuration at the 7-position are obtained. 

65 

Part C-3-7 (S)-chloro-7-deoxy-thiamidolincomycin 
triacetate 

Four grams of 7 (S)-chloro-7-deoxylincomycin tri 
75 acetate was mixed with 100 ml. of benzene and 25 ml. of 
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the solvent distilled. The mixture was clarified by filtra 
tion, removing a small cloudy precipitate. The benzene 
was removed by distillation. The residue was dissolved in 
100 ml. of dioxane and 4 g. of phosphorus pentasulfide 
added. The mixture was heated to reflux for 1.5 hrs. An 
additional 4 g. of phosphorus pentasulfide was added foll 
lowed by a third addition of 4 g. of phosphorus penta 
sulfide after 4 hrs. longer reflux. The mixture was finally 
refluxed for 2 hrs. more and then the solvent distilled in 
vacuo. The residue was dissolved in methylene dichloride 
and washed twice with dilute sodium hydroxide solution. 
The organic phase was dried and the solvent distilled. 
The residue of 8.6 g. was chromatographed over 500 g. of 
silica gel using cyclohexaneacetone (2-1) for elution. A 
fraction of 880 mg. was obtained which contained 7 (S)- 
chloro-7-deoxythiamidolincomycin triacetate as well as 
other materials. This material was rechromatographed 
over 100 g. of silica gel using chloroform-methanol 
(40-1) for elution. A fraction of 320 mg. was obtained 
which after crystallization from methanol melted at 178 
181. The yield was 120 mg. 7 (S)-chloro-7-deoxythi 
amidolincomycin triacetate. 

Analytical data was obtained for a sample prepared as 
above which melted at 179-180. 

Analysis.-Calcd. for C24H9ClNaOS2 (percent): C, 
50.82; H, 6.93; N, 4.94; S, 11.31. Found (percent): C, 
50.75;H, 7.08; N, 4.88; S, 11.55. 

Part D-3-7(R)-mercapto-7-deoxylincomycin 
Following the procedure of Part C-2 substituting the 

methyl 7 (S)-chloro-7-deoxy-o-thiolincosaminide tetraace 
tate by 7 (S)-chloro-7-deoxythiamidolincomycin triacetate 
there was obtained 7(R)-mercapto-7-deoxylincomycin 
2-0, 3-0, 4-0-triacetate which on saponification with aque 
ous potassium hydroxide at pH 10.5 yielded 7 (R)-mer 
capto-7-deoxylincomycin identical with that of Part F-2. 

In place of trans-1-methyl-4-propyl-L-proline there can 
be substituted other 4-substituted prolines of Formulas A 
and B. Also, there can be substituted other o-thio 
lincosaminides of Formula IX. 
We claim: 
1. A compound of the formula: 

wherein R is alkyl of not more than 20 carbon atoms, 
cycloalkyl of 3 to not more than 8 carbon atoms, or 
aralkyl of not more than 12 carbon atoms; Ac is hydro 
gen or the acyl radical of a carboxylic acid of not more 
than 18 carbon atoms, and Ac' is hydrogen, Ac, or an 
acyl radical of a 4-substituted-L-2-pyrrolidinecarboxylic 
acid. 

2. A compound according to claim 1 in which Ac and 
Ac' are hydrogen and Riis lower alkyl. 

3. A compound according to claim 1 in which Ac and 
Ac' are acetyl and R is lower alkyl. 

4. A compound according to claim in which R is 

lower alkyl, Ac is hydrogen and Ac' is an acyl of the 
formula: 

HR R3 

k k R - 3-Y- 
O 

R 
O 

18 
wherein R and R2 are alkylidene of not more than 20 
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carbon atoms, cycloalkylidene of 3 to not more than 8 
carbon atoms, or araikylidine of not more than 12 car 
bon atoms and R3 is hydrogen or HR2. 

5. A compound according to claim 4 in which Ac' is 
1-methyl-4-propyl - L - 2-pyrrolidinecarboxacyl and R is 
methyl or ethyl. 

6. The 7 (S) compound according to claim 4 wherein 
Ac' is trans-1-methyl-4-propyl-L-2-pyrrolidinecarboxacyl 
and R is methyl. 

7. The 7(R) compound according to claim 4 wherein 
Ac' is trans-1-methyl-4-propyl-L-2-pyrrollidinecarboxacyl 
and R is methyl. 

8. A process for making a compound of the formula: 
CE 

O HS-- 

R-C-NH--- 

AcO -O 

OAC 

- SR 
OAC 

which comprises heating a compound of the formula: 
CE 

s --C 
R-(-NH- ax 

AcO -O 

OAC > 
- SR 

where R is the radical of a mercaptan, Ac is the acyl 
group of a carboxylic acid, 

R.-- 
is the acyl group of a carboxylic acid, and 

R.-- 
is the S-isolog of 

R-8- 
with water in dimethylformamide. 

9. The process of claim 10 in which the Ac and 

r 
groups in the product are removed by hydrazinolysis to 
form a product of the formula: 

CE 
HS-- 

IN-- 

Ho / O 
OB ) R 

E. 
wherein Ris the radical of a mercaptain. 

10. The process according to claim 11 in which the 
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product is N-acylated to form a compound of the for- is the acyl group of a 4-substituted pyrrolidine carboxylic 
mula: acid and R is the radical of a mercaptan. 
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