
1,004,664                                   5 vitro activity of
representative examples of  antibiotic-resistant strains. The  minimum
the present new compounds against a variety inhibitory concentration is
determined by the 5        of disease-causing microorganisms, including
well known serial dilution technique.
TABLE I                   IN VITRO ACTIVITY OF 6-DEOXYTETRACYCLINES IN
BRAIN-HEART INFUSION                                           [err]
Minimum Inhibitory Concentration
(mcg./ml.)  Organism            A        B         C        D         E
F        G         H    M. pyogenes  var. aureus      3.12      0.78
3.12      0.78     1.56    50          12.5     3.12   S. pyogenes
0.09     0.78    50          0.19     0.39      6.3      0.19      0.19
S. faecalis      -      6.3    >100           -        1.56      -        -
1.56   D. pneumoniae    0.78      1.56  >100         0.39     1.56
1.56     0.78      -   E. rhusiopathiae   -       -        -         0.19
1.56      1.56     0.19      0.78   C. diphtheriae   -         1.56   100
-        0.78      -        -         -   L. monocytogenes  -     100
>100          -        1.56   B. subtilis      -         0.78  >100
-        0.78      -        -         -   E. coli       >100    >100
-    >100          -        12.5     50    >100   S. typhosa    >100
50         50         -       100       12.5     50    >100   K. pneumoniae
>100       25        50        -         -         -        -     >100   N.
gonorrhoeae   -        0.78      0.78      -        0.78
-   H.influenzae     -        0.78      0.78      -        1.56      -
-         3.12   S. sonnei        -       25        12.5      -        50
B.  bronchiseptica >100       3.12    25          -       12.5   V. comma
-       100       50         -        3   P. multocida     0.78     0.78
0.78     -         3 



Mycobacterium  607              -     >100         1.56      -        -
-        -         -   S. agalactiae    -        0.78  >100          1.56
M. pyogenes var.  aureus 376*      1.56  > 100    >100          -
0.78  >100             6                                        1,004,664
TABLE I- confirmted                  IN VITRO ACTIVITY OF
6-DEOXYTETRACYCLINES IN BRAIN-HEART INFUSION
Minimum Inhibitory Concentration
(mcg./ml.)  Organism              A         B          C         D
E         F          G         H     M. pyogenes var.   aureus400*
3.12  >100       >100          0.78       3.12  >100         100      >100
M. pyogenes var.   aureus K[err]*       -       -        -           -
3.12     -           -         -    M. pyogenes var.   aureus K[err]*
0.78      -       -         -          3.12      -        -           -
M. pyogenes var.   aureus K[err]*        1.56      -       -         -
-         -        _    M. pyogenes var.   aureus M[err]*        0.78
-       -         -          6.25      -          -         -    M.
pyogenes var.   aureus M[err]*         1.56      -    M. pyogenes var.
aureus M[err]*        0.78      -       -         -          -
-    Streptococcus 98  -       0.78  >100           -        0.39      -
-          1.56    Staph.209P        -          0.78       1.56
1.56      -          -         -    * antibiotic-resistant strains.
TABLE II        IN VITRO ACTIVITY OF 6-DEOXYTETRACYCLINES IN BRAIN-HEART
INFUSION PLUS HUMAN SERUM                                          Minimum
Inhibitory Concentration (mcg./ml.)       Organism                    A
B         C          D         G         H          M.  pyogenes var.
aureus 12.5        1.56      3.12       1.56      12.5    12.5 



Streptococcus pyogenes    3.12    0.78      50            -        -
0.78          Streptococcus 98        -           0.78        -         -
-         -                In Tables 1 and II, the compounds are identified
as follows:                  Compound A:   X =
CH[err]CH[err]CH[err]CH[err]S-                     and Y   H
Compound B:   X   HOCH[err]CH[err]S                     and Y   H
Compound C:   X = HOCH[err]CH[err]S-                    and Y = OH
Compound D:  X =C[err]H[err]S-                          andY =H
Compound E:   X = C[err]H[err]CH[err]S-                          and Y   H
Compound F:   X = HOCH[err]CH[err]S([err]O)             and Y   H
Compound G:  X   C[err]H[err]S([err]O)-                 and Y   H
Compound H:   X = C[err]H[err]CH[err]S([err]O)-                   and Y   H
1,004,664                                       7  These new  products in
some instances  equal to about ten times the weight of the  65
possess somewhat reduced in vivo activity  tetracycline.           relative
to  the  6 - methylenetetracyclines  This new process is conducted in a
reaction-           from which they are prepared. However their  inert
solvent, the choice of which is not       5   outstanding in vitro activity
against a wide  critical. It is particularly convenient to choose
range of microorganisms particularly  suits  a solvent for the starting
compound which  70           them for topical application in the treatment
has an atmospheric boiling-point at about the           of infections in
animals, including man. They   desired reaction temperature, and for this
are likewise useful as antiseptics and disin-  reason such solvents as
methanol and ethanol      10  fectants, and  in  veterinary  practice  and
will often be selected.           agriculture.
Reaction temperature is not critical, and  75             As previously
mentioned, it has also been  reasonable  reaction  rates  without serious
discovered  that the  new  tetracyclines of  decomposition risk are
normally obtained at           Structure I, II, III, IX and X, including
the  temperatures from 20 to 130[err] C., and prefer-      15  salts
thereof are valuable intermediates for  ably at 60-100[err] C. At these
temperatures           the preparation of the 6 - epi - 6 - deoxy-
reaction periods of from  one to 48 hours  80           tetracyclines,
which are more fully described  ordinarily  suffice  to  effect the
desired           in copending application  18544/61 (Serial  conversion.
No. 995,032). As disclosed in that application,    At the conclusion of the
reaction, the Raney      20  the 6 - epi - 6 - deoxytetracyclines are so
nickel is separated, suitably by centrifuging,           designated since
the steric configuration of the  and the product is recovered by
evaporation  85           6-methyl group is opposite to that of the  of the
reaction solution. In order to avoid the           known  6 -
deoxytetracyclines. Thus, the  risk of some product loss by adsorption on
nomenclature "6-epi" is completely analogous  the Raney nickel, it is a
desirable precaution      25  to the accepted nomenclature of the known  to
thoroughly wash the catalyst with solvent,           4 - epitetracyclines.
As disclosed in 18544/61  e.g. methanol, ethanol or acetic acid, and to  90
(Serial No. 995,032), these products, includ-  combine these washings with
the solution           ing 6 - epi - 6 - deoxytetracycline and 6-  before
evaporation. The product which is 



epi - 6 - deoxy - 5 - oxytetracycline are use-  obtained, 6 - epi - 6 -
deoxytetracycline or      30  ful by virtue of their high order of activity
6 - epi - 6 - deoxy - 5 - oxytetracycline           against a variety of
microorganisms, both in  (depending on the identity of substituent A  95
vivo and in vitro. However, the therein-  in the starting compound), may be
further           disclosed process for preparing these com-  purified if
desired by standard procedures to           pounds provides a mixture of
the 6 - epi-  separate any unreacted starting compound.      35  6 -
deoxytetracycline  and  the  previously  Thus, for example, the product may
be sub-           known 6 - deoxytetracycline, necessitating an  jected to
solvent distribution in such systems 100           extra separation step
and entailing a reduced   as butanol: 0.01N aqueous HC1, or to crystal-
yield of the 6-epi compound. A new process  lization from  alcohols or
other solvents as           has now been discovered for the preparation
an acid addition salt or as the free base. The      40  of 6 - epi - 6 -
deoxytetracyclines which does  new process affords an excellent route to
the           not co-produce the corresponding previously  6-epi compounds
in good yield and free of 105           known 6 - deoxytetracyclines.
Recovery prob-  the 6-deoxytetracyclines.           lems are therefore
greatly simplified  and     Chlorination of 6 - deoxy - 13 - mercapto-
yields improved to a valuable extent.       tetracycline or the
corresponding 5-hydroxy      45    According to the new procedure, any of
the   compound provides a route to the correspond-
sulfur-containing tetracyclines of Structures  ing 6 - deoxy - 13 - (S -
chloromercapto)- 110           I, II, III, IX and X or salts thereof are
con-  tetracycline. Where A=hydroxy, treatment of           tacted in a
reaction-inert solvent with at least  this derivative with base provides in
turn a           an equal weight of Raney nickel containing   novel
pentacyclic derivative of the following      50  hydrogen formed during
manufacture at a   structure:           temperature of from 20 to 130[err]
C. to effect           the desired conversion.
[err]             The preparation of Raney nickel is given              of
sulfur-containing tetracycline, even lower           concentrations may
successfully be employed.  Where A=hydrogen, subjection of the S-      60
These, however, may entail the risk of incom-  chloromercapto compound to
Friedel-Crafts           plete reaction and are therefore not preferred.
reaction conditions provides a synthesis of           Much higher Raney
nickel levels may, of  still another novel pentacyclic derivative, the
course, be used, but usually there will be no  7,13-epithio compound of
Structure IX des- 120           added advantage to employing more than that
cribed earlier herein:               8
1,004,664                                                  be prepared and
are useful for various pur- [err]             poses, the pharmaceutically
acceptable metal                             salts are particularly
valuable because of their  60                             utility  in
therapy. The  pharmaceutically                acceptable metals include
more commonly                sodium, potassium and alkaline earth metals
of atomic number up to and including 20
ie. magnesium and calcium, and additionally, 65
aluminum, zinc, iron and manganese, among                  The present new
sulfur-containing com-  others. Of course, the metal salt include
pounds of Structure I, II, III, IX  and X      may be formulated into
various compositions complex salts. The pharmaceutically  5  analogous to
the parent tetracyclines from   unacceptable metal salts embrace most com-
which they are derived. For topical applica-  monly salts of lithium and
of alkaline earth  70      tion they may be formulated in the usual metals
of atomic number greater than 20, i.e. 



barium and strontium, which are useful for      extending media, including
petrolatum, suit-  isolation and purifying the antibiotics. Since      ably
at concentrations of about 0.1-10%  by  the new antibiotics are amphoteric,
they also      10  weight. They are also useful therapeutically  form salts
with amines of sufficient basicity.  75      in feeds or as growth
stimulants,in veteriary    It will be obvious that, in addition to their
practice and in agriculture.              value in therapy, the
pharmaceutically        The present invention embraces all salts,
including acid- addition and metal salts or  acceptable acid and metal
salts are also useful  15  complexes   of  the   newly  recognized  in
isolation and purification.      amphoteric antibiotics of formula I, II,
III,    Many of the mercaptans employed in the  80      IX and X. The well
known procedures for  present invention are commercially available,
preparing salts of tetracycline compounds are  and the others may be
readily prepared by      applicable  here  and are  illustrated  by
standard procedures well known to those               applicable here and
are  illustrated by  skilled in the art. 20  examples appearing
hereinafter. Such salts      may be formed w    th both pharmaceutically
As previously noted, the optimum reaction  85      acceptable and
pharmaceutically unacceptable  times for the various reactions described
acids  and  metals.  By "pharmaceutically  herein may readily be determined
by periodic      acceptable" is meant those salt-forming acids  withdrawal
of aliquots for analysis by paper 25  and metals which do not substantially
increase  chromatography; employing standard tech-     the toxicity of the
amphoteric antimicrobial  niques. Among  the  many  well known  90
agent. The preferred salts are the acid addi-  chromatographic systems for
such purpose, a     tion salts and pharmaceutically acceptable
particularly versatile one comprises 20:3 by     metal salts.
volume toluene: pyridine saturated with pH 30    The pharmaceutically
acceptable acid addi-  4.2 aqueous buffer as the mobile phase on     tion
salts are of particular value in therapy.  chromatographic paper saturated
with pH 4.2  95     These include salts of mineral acids such as  aqueous
buffer.     hydrochloric, hydriodic, hydrobromic, phos-    The following
examples are given by way     phoric, metaphosphoric, nitric and sulfuric
of illutration 35  acids, as well as salts of organic acids such     as
tartaric, acetic, citric, malic, benzoic,             EXAMPLE I
glycollic, gluconic, gulonic, succinic or aryl   6 - Deoxy - 13 - ([err] -
hydroxyethylmercapto)- 100     sulfonic, e.g., p-toluenesulfonic acids. The
tetracycline     pharmaceutically unacceptable acid addition  Method A 40
salts, while not useful for therapy, are valu-    1  Gram   of  6 -
methylenetetracycline     able  for  isolation,  interconversion  and
hydrochloride is heated in 10 ml. of 2-     purification of the newly
recognized anti-   mercaptoethanol on the steam bath for two 105
biotics, and for conversion to 6 - epi  6-  hours. The resulting solution
is permitted to     deoxy - tetracyclines by Raney nickel treat-  cool and
treated with 90 ml. of diethyl ether 45  ment. Further, they are useful for
the  with stirring. The product which precipitates     preparation  of
pharmaceutically  acceptable  is recovered  and  crystallized  from  95%
salts. Of this group, the more common salts  ethanol with the addition of
sufficient tri-  110     include those formed with hydrofluoric and
ethylamine to  neutralize the hydrochloric     perchloric acids.
Hydrofluoride salts are par-  acid. 50  ticularly useful for the
preparation of the     pharmaceutically  acceptable salts, e.g. the  Method
B     hydrochloride, by solution in hydrochloric    The procedure of Method
A is repeated     acid and crystallization of the hydrochloride  with the
addition  of 0.20 ml. or 30%  115     salt formed. The perchloric acid
salts are  hydrogen peroxide prior to heating, and the 55  useful for
purification and crystallization of  reaction time is reduced to 10
minutes. The     the new antibiotics.                      product is
recovered as before and purified       Whereas all metal salt or complexes
may  by  column  chromatography  in  an  ethyl        



1,004,664                                      9  acetate-water system  on
powdered cellulose                EXAMPLE III         to free it from
contained sulfoxide.           6 - Deoxy - 13 - (benzylmercapto)
tetracycline         Method C                                       This
product is prepared by the procedure           The procedure of Method A is
repeated  of Example II with the substitution of [err]-  65     5  with the
addition of 100mg. of [err],[err] - azodi-  toluenethiol (benzyl mercaptan)
for benzene-         isobutyronitrile  before  heating, and  the  thiol.
The product is crystallized from 95%         reaction time is reduced to 10
minutes. The  ethanol as the paratoluenesulfonic acid salt.         product
is recovered as in Method A.        The toluenesulfonate may be
recrystallized                                                      by
dissolving one gram in a mixture of 25  70         Method D
ml. acetone and 0.7 ml. concentrated sulfuric     10    The procedure of
Method A  is again  acid. On addition of 70 ml. water, the
repeated, but this time the reaction vessel is  toluenesulfonate
crystallizes.         placed in close proximity to an ordinary 100
Elemental   analysis,   calculated   for         watt light bulb, and the
reaction time is  C[err]H[err]O[err]N[err]S.C[err]H[err]O[err]S:  C,
59.7%;  H, 75         reduced to  10 minutes. The product is  5.3%; N,
3.9%; S, 8.9%; found:  C,     15  recovered as before.
59.8%; H, 5.5%; N, 3.5%; S, 8.9%.           When administered to mice in a
single    Infrared absorption maxima in potassium         dosage  via  the
subscutaneous  route  30  bromide are observed at 6.0, 6.25, 6.34, 6.63,
minutes after infection with Staphylococcus  6.69, 6.89, 7.5, 7.7, 8.07,
8.2, 8.7, 8.9, 9.7  80         aureus, the product exhibits a PD[err] (pro-
and 9.9 [err]. Ultraviolet maxima occur at 267    20  tective dose for 50%
of the animals) of 2.77     [err]   and   308   m[err]         mg./kg.
1cm                        EXAMPLE II                   (broad,[err]  in
0.01N methanolic              6 - Deoxy - 13 - (phenylmercapto)-
tetracycline                HCl.
EXAMPLE IV                   85     25    6-Methylenetetracycline hydro-
6 - Deoxy - 13 - (butylmercapto)             chloride
5.0 g.                      tetracycline           Benzenethiol
50  ml.        This product is prepared by the procedure           Butanol
50  ml.   of Example II with the substitution of n-           Ethylene
glycol              25  ml.   butanethiol for benzenethiol.
90      30    The listed components are stirred to dis-
EXAMPLE V         solve the solid and heated on the steam bath  6 - Deoxy -
13 - (carboxymethylmercapto)-         for 70 minutes. The reaction mixture
is then                tetracycline         cooled to room temperature and
treated with  Method A         250 ml. of ethylene glycol dimethyl ether
100  Mg. of  6 - methylenetetracycline  95     35  with stirring. Two
liters of ether are then  hydrochloride is combined with 1 ml. mer-
added to the solution and the mixture is per-  captoacetic acid, and 0.03
ml. 30%  aqueous         mitted  to stand overnight. The resulting
hydrogen peroxide is added. The reaction         precipitate is then
filtered off and washed  mixture is heated for 15 minutes on the steam
with ether to obtain 4.586 g. of crystalline  bath and cooled. The product
is then pre- 100     40  product.
cipitated by addition of 30 ml. diethyl ether           For further
purification, 500 mg. is dis-  with stirring.         solved in 4.0 ml.
methanol at room tem-         perature, filtered and the filter is rinsed
with  Method B         methanol. The resulting 7 ml. of filtrate is   1
Gram of 6 - methylenetetracycline hydro-     45  treated with 400 mg. of
paratoluenesulfonic  chloride is combined with 10 ml. mercapto- 105
acid, seeded and left to stand at room tem-  acetic acid and 100 milligrams
[err] - azodi-         perature. The product which crystallizes is
isobutyronitrile. The reactants are heated for         recovered by
filtration and vacuum dried at  2 hours on the steam bath and cooled. The
85[err] C.                                  product is then precipitated
with acetone-     50    Elemental   analysis,   calculated   for  ether and
recovered by filtration.      110
C[err]H[err]O[err]N[err]S.C[err]H[err]O[err]S:  C,  59.5%;  H,
5.14%;  N, 3.96%;  S, 9.06%  found:                        EXAMPLE VI  C,
58.78; H, 5.17; N, 3.73; S, 9.40.         6 - Deoxy - 13 -
(carbethoxymethyl-           Ultraviolet absorption maxima occur at
mercapto)tetracycline 



55 257 m[err] and 356 m[err] (0.01 N methanolic         HCl):  255 m[err]
and  386 m[err]  (0.01  N        6-Methylenetetracycline hydro-
methanolic NaOH); and 248 and 369 m[err]        chloride
1 g.    115         (0.01 N methanolic MgCl[err]). The product is    Ethyl
mercaptoacetate        10 ml.         soluble in methanol to the extent of
about    Ethylene glycol             5 ml.     60  10 mg./ml.
[err] azodi-isobutyronitrile  100 mg.
1,004,664        The listed ingredients are combined and  propanol and with
acetone. It is then dried     heated for 10 minutes on the steam  bath.
under vacuum.     The reaction mixture is then cooled and the     product
precipitated with ether. It is further  Method C
60 5  purified  by crystallization  from  isopropyl
6-Methylenetetracycline hydro-     alcohol as the paratoluenesulfonate.
chloride                      4.0 g.
Butanol                       40.0 ml.                    EXAMPLE VII
Ethylene glycol                20.0 ml.        6 - Deoxy - 13 -
(furylmethylmercapto)-    L-cysteine ethyl ester hydro-               65
tetracycline                     chloride                      7.0 g.
[err]-azodi-isobutyronitrile  600  mg. 10    6-Methylenetetracycline hydro-
chloride                    100 mg.        The ingredients are combined in
the order       2-Furylmethanethiol              1 ml.   listed above and
stirred at 100-105[err] C. for       Butanol                          1 ml.
1.5 hour under nitrogen. The cooled reaction  70       Ethylene glycol
0.5 ml.  mixture is then poured into a mixture of 600
ml. isopropanol and 300 ml. ether. The 15    The reaction mixture is heated
for 25 hours  yellow solid which precipitates is recovered     on the steam
bath, cooled, and the'desired   by filtration and washed with ether. Since
it     product is precipitated by the addition of  is rather hydroscopic,
the solid is dried care- 75     diethyl ether.
fully in the absence of air, to provide 1.9                   EXAMPLE VIII
g. of 6 - deoxy - 13 - ([err] - carboethoxy, [err]- 20  6 - Deoxy - 13 -
([err] - carboxy, [err] - amino-  aminoethylmercapto) tetracycline. Upon
addi-              ethylmercapto)tetracycline        tion of more ether to
the filtrate, an additional     Method A
1.4 g. of equivalent purity is precipitated and  80
6-Methylenetetracycline hydro-             recovered.          chloride
1.0 g.       100 Mg. of the ethyl ester obtained as des- 25    Cysteine
base                    1.0 g.    cribed above is hydrolyzed by dissolving
in       Water                          20  ml.   1.5 ml. conc. HCl and
allowing to stand at                                                   room
temperature for three days. The reaction  85       [err] - azodi -
isobutyronitrile, 100 mg. in  mixture is then diluted with two volumes of
0.5 ml. dimethyl formamide, is added to the  water and the desired product
is obtained     listed reactants and the mixture is heated  by butanol
extraction followed by evapora- 30  under nitrogen  on the steam  bath
with  tion of the butanol.     stirring. At 1, 2 and 3 hours, additional
100               EXAMPLE IX                    90     mg. portions of
[err] - azodi - isobutyronitrile  6 - Deoxy - 13 - (acetylmercapto)-     in
0.5 ml. DMF are added. After 4 hours                      tetracycline
the mixture is cooled, additional water is    6 - Methylenetetracycline
hydrochloride, 35  added, and the desired product is recovered  10 g., is
combined with 100 ml. thiolacetic     by filtration.
acid and 1g. [err]-azodi-isobutyronitrile. The  95
mixture is heated at 70[err] C. for 2 hours and     Method B
cooled to room  temperature. An additional        6-Methylenetetracycline
hydro-             gram of the butyronitrile is now added and
chloride                     4.0 g.     the mixture is again heated at
70[err] C. for 2 



40    Butanol                        40.0 ml.    hours and cooled. The
product, 12.3 g., is 100        Ethylene glycol               20.0 ml.
precipitated by pouring the reaction mixture        Cysteine hydrochloride
mono-               into 500 ml. stirred ether.          hydrate
7.0 g.        3.0 Gram of the unrefined product, obtained       [err]
-azodi-isobutyronitrile    400  mg.  as described above, is dissolved in 30
ml.                                                   methanol and the
insolubles are filtered off 105 45    The ingredients are combined in the
above  To the filtrate is added a solution of 6.0 gram     order and the
mixture is then warmed, where-  paratoluenesulfonic acid in 10 ml.
methanol.     upon all solids dissolve to form a dark solu-  The purified
product, 1.168 g., crystallizes     tion. The reaction mixture is heated
at  as the paratoluenesulfonate and is recovered     100-105 C  under
nitrogen for one hour  by filtration. It exhibits an infrared absorp- 50
and then cooled. It is poured into 600 ml.  tion maximum at 5.94 [err] and
ultraviolet at     of rapidly stirred acetone, and a yellow   267 and 355
m[err](0.01 N methanolic HCl)     solid separates. Another 300 ml. acetone
is  and at 248 and 385 m[err] (0.01 N methanolic     added to the slurry,
which is then filtered.  NaOH). It is soluble to the extent of about
The filter cake is washed four times with  10 mg/ml. in 3:1 by volume DMF:
5%  of 115 55  fresh acetone and dried. Since it shows some  aqueous [err]
The product exhibits an in     tendency to cake, it is slurried in
isopropanol,  vitro activity equivalent to 620 oxytetra-     filtered, and
then washed with fresh iso-  cycline units per mg. vs. K pneumoniae.
EXAMPLE X                    impurity. The filtrate is adjusted to pH 4.5,
60     6 - Deoxy - 13 - ([err] - hydroxyethylmercapto)-  whereupon the
desired product precipitates                 5 - oxytetracycline
in the form of the free base. It is further
purified by crystallization from benzene-
6-Methylene-5-oxytetracycline             methylene chloride. The purified
product 5      hydrochloride                20 g.      exhibits a
bioactivity of 135 oxytetracycline  65       Mercaptoethanol
200 ml.   units per mg. vs. K. pneumoniae.       30% aqueous hydrogen
peroxide                      4 ml.                    EXAMPLE XII
6 - Deoxy - 13 - (benzylmercapto)   5-       The combined reactants are
heated for 1.5               oxytetracycline 10  hour on the steam bath,
then cooled to room     temperature. An additional 1.5 ml. 30%
6-Methylene-5-oxytetracycline           70     hydrogen peroxide is now
added and the        hydrochloride                    1.0 g.     heating
cycle is repeated. The product is    [err]-Toluenethiol               10
ml.     then precipitated from  the cooled reaction   Butanol
10 ml. 15  mixture by pouring into two liters of stirring    Ethylene
glycol         10 ml.     ethanol. It is further purified by crystalliza-
[err]-azodi-isobutyronitrile  100 mg.   75     tion as the
paratoluenesulfonate salt from     water-ethanol.
The reactants are combined and heated       Elemental   analysis,
calculated   for  under nitrogen, on the steam bath for 2 hours. 20
C[err]H[err]O[err]NS[err].H[err]O:   C,  52.37%;  H,  Butanol and excess
toluenethiol are removed     5.39%; O, 29.26%; N, 3.94%; S, 9.02%;  by
steam distillation, and the residue is cooled     H[err]O, 2.53%; found: C,
52.46; H, 5.19; O,  and filtered. The product is isolated as the  80
29.37; N, 3.82; S, 9.03; H20, 2.29.      [err]-naphthalene sulfonic salt.
Alternatively, it       In potassium bromide the product exhibits  is
isolated in the form of the free base by 25  infrared absorption maxima at
5.96, 6.20,  adjusting the pH to 5.0 and is purified by     6.32, and  6.89
[err]. Ultraviolet absorption  crystallization from benzene-methanol.
maxima occur at 220, 264, and 346 m[err]     (0.01 N methanolic HCl) and at
222, 348,                  EXAMPLE XIII                  85     and 373
m[err] (0.01 N methanolic NaOH).    6   Deoxy - 13 -
(carboxymethylmercapto)-
5 - oxytetracycline 



30                 EXAMPLE XI     6 - Deoxy - 13 - (phenylmercapto) - 5-
6-Methylene-5-oxytetracycline                   oxytetracycline
hydrochloride                 1 g.     Method A
Mercaptoacetic acid            10 ml.    90
6-Methylene-5-oxytetracycline               30%  Hydrogen peroxide
0.025 ml. 35      hydrochloride                100 mg.       Benzenethiol
1 ml.       The reactants are heated on the steam bath       Butanol
1 ml.   for 3.5 hours. The reaction mixture is then       Ethylene glycol
0.5 ml.  cooled, and the product is precipitated by the       30% Hydrogen
peroxide       0.025 ml.   addition of ether and recovered by filtration.
95  40    The listed reactants are heated on the                   EXAMPLE
XIV     steam bath for 1 hour and the butanol is      6 - Deoxy - 13 -
(acetylmercapto) - 5-     then  removed, together with the  excess
oxytetracycline     benzenethiol, by steam distillation. The pro-     duct
is recovered from the distillation residue    6-Methylene-5-oxytetracycline
45  by precipitation as the [err]-naphthalene sulfonic  hydrochloride
ethanolate    25.0 g.    100     acid salt and dried under high vacuum.
Thiolacetic acid           250  ml.
Methanol                     62.5 ml.     Method B
Water                         62.5 ml.       6-Methylene-5-oxytetracycline
[err]-azodi-isobutyronitrile  2.5 g.     hydrochloride                 1 g.
50    Benzenethiol                    10 ml.       The reactants are
combined to form a clear 105       Butanol                        10 ml.
solution and heated under nitrogen at reflux       Ethylene glycol
5 ml.   temperature for 2 hours. The mixture is then
cooled and an additional 2.5 g. of the catalyst       The reactants are
treated with 100 mg.  are added. The heating cycle is now repeated
[err] - azodi - isobutyronitrile and heated  and the cooling solution is
poured slowly into 110 55  under nitrogen with stirring for 2 hours on
three liters of rapidly stirred ether. An orange     the steam  bath. The
butanol and excess  gum forms from which the ether is separated
benzenethiol are then removed by steam dis-  by decantation. The gum is
solidified by rub-     tillation as before, and the stripped reaction  bing
in fresh ether and separated by filtration.     mixture is filtered to
separate a trace of dark  The orange yellow solid is ether-washed and 115
12                                     1,004,664     dried in vacuum. 29.5
g. of product are  The reaction mixture is then concentrated at
obtained.                                   reduced pressure, diluted with
water, acidified       This is further purified by dissolving in a  to pH 1
with hydrochloric acid, and extracted     mixture of 88.5 ml. methanol and
88.5 ml.  with butanol. The combined butanol extracts 5  water. The
resulting solution is treated with  are concentrated in vacuum, and the
resulting  65     29.5 g. sulfosalicylic acid followed by 177  residue is
slurried with ether. The desired     ml. water. The resulting cloudy
solution is  product, as the hydrochloride salt, is filtered     seeded and
stirred to crystallize. The crystal-  from the ether, washed with
additional ether     line product is filtered off, washed twice with  and
dried. 10  methanol and dried in vacuum. 14.0 g. of     purified product
are thus obtained, exhibiting           EXAMPLE XVIII                  70
an  infrared  absorption  maximum  charac-    Following the procedures of
the preceding     teristic of the thioacetyl carbonyl at 5.94  [err].
examples, the following products are prepared     Ultraviolet maxima are
observed at 267, 316  from  the appropriate mercaptans and 6- 15  and 348
m[err] (0.01 N methanolic HCl) and  methylenetetracyclines:     at 238 and
373 m[err] (0.01 N  methanolic    6 - deoxy - 13 - (isoctylmercapto) - 5-
75     NaOH). An in vitro activity of 420-480   oxytetracycline
oxytetracycline units per mg. is observed vs.    6 - deoxy - 13 - (n -
dodecylmercapto) - 5- 



K. pneumoniae.                              oxytetracycline
6 - deoxy - 13  (trifluoromethylmercapto)- 20                EXAMPLE XV
5 - oxytetracycline                         80         6 - Deoxy - 13 - (s
- butylmercapto)-   6 - deoxy - 13 - (trifluoromethylmercapto)-
tetracycline                tetracycline
6 - deoxy- 13 - (2,6 - dimethylphenyl-       6-Methylenetetracycline hydro-
mercapto) - 5 - oxytetracycline         chloride                    1.0 g.
6 - deoxy - 13 - (4 - hydroxyphenyl- 85 25    s-Butanethiol
10  ml.    mercapto)tetracycline       Butanol                      10  ml.
6   deoxy - 13 - (3 - ethoxyphenylmer-       Ethylene glycol
5  ml.   capto) - 5 - oxytetracycline       [err]-azodi-isobutyronitrile
100  mg.     6 - deoxy - 13 - (3 - carboxyphenyl-
mercapto)tetracycline                      90       The reactants are
heated on the steam       6 - deoxy - 13 - (4 - carbomethoxyphenyl- 30
bath for a total of 8 hours, with cooling and  mercapto) - 5 -
oxytetracycline     addition of fresh catalyst portions at 2, 4 and  6 -
deoxy - 13  (2 - nitrophenylmercapto)-     6 hours. Recovery is carried out
as described  tetracycline     in Example II.
6 - deoxy - 13 - (4   aminophenyl-  95
mercapto)tetracycline                   EXAMPLE XVI                     6 -
deoxy - 13 - (propionylmercapto)tetra- 35  6 - Deoxy - 13 - ([err] -
aminoethylmercapto)-  cycline                     tetracycline
6 - deoxy- 13 - (benzoylmercapto)tetra-       This product is prepared by
the procedure  cycline                                 100     of Example
VIII, Method C, first paragraph,   6 - deoxy - 13 - (carbobutoxymethyl-
substituting an equal quantity of [err]-amino-  mercapto) - 5 -
oxytetracycline 40  ethyl mercaptan hydrochloride for the cysteine    6 -
deoxy - 13 - (bromomethylmercapto)-     ester of that example.
tetracycline                                                   6 - deoxy -
13 - (4 - methylbenyl- 105                  EXAMPLE XVII
mercapto) - 5 - oxytetracycline          6 - Deoxy - 13 - (methylmercapto)-
6 - deoxy   13 - (2 - hydroxybenzyl-                     tetracycline
mercapto)tetracycline 45    This product is prepared by the procedure   6 -
deoxy - 13 - (2,6 - dimethoxybenzyl-     of Example II with the with the
substitution  mercapto) - 5 - oxytetracycline          110     of an equal
weight of methyl mercaptan for    6 - deoxy - 13 - (2   carboxybenzyl-
the benzenethiol, the reaction being conducted   mercapto)tetracycline
at 95[err] C in a sealed bomb.                6 - deoxy - 13 - (3 -
carboethoxybenzyl- 50    The corresponding 5-hydroxy compound is
mercapto)tetracycline-     prepared as follows:                          6
- deoxy - 13 - (3 - nitrobenzylmercapto)  115       Methyl mercaptan, 50
ml., is condensed  tetracycline     in a cooled flask, and to it is added
6-    6 - deoxy - 13 - (4 - aminobenzyl-     methylene - 5 -
oxytetracycline,  5   g;  mercapto)tetracycine 55  ethylene glycol, 50 ml.;
and [err] - azodi-   6 - deoxy - 13 - (4 -  methoxybutyl-
isobutyronitrile, 2.5 g. Finally, 100 ml. of  mercapto) - 5 -
oxytetracycline          120     1,2 - dimethoxyethane and 28 ml. of water
6 - deoxy - 13 - ([err] - butoxyethylmercapto)-     are added. The mixture
is pressure-sealed,  5 - oxytetracycline     stirred to effect solution,
and permitted to  6 - deoxy - 13 - ([err]- carboxyethyl- 60  stand for
seven days at room  temperature.  mercapto)tetracycline
1,004,664                                     13            6 - deoxy- 13 -
([err] - carbomethoxyethyl-              EXAMPLE XX mercapto)tetracycline
6 - Deoxy - 13 - (phenylmercapto)tetra-  65           6 - deoxy - 13 - (2,3
- dichloropropyl-                 cycline S - oxide 



mercapto) - 5 oxytetracycline                  6 - Deoxy - 13 -
(phenylthio)tetracycline,           5   6 - deoxy - 13 - ([err] -
iodoethylmercapto)-  100 mg., prepared as in Example II, is com-
tetracycline                                 bined with 1 ml. methanol and
treated with           6 - deoxy - 13 - ([err]-  aminoethylmercapto)-  one
equivalent of 30%  aqueous hydrogen  70         tetracycline
peroxide. The reaction mixture is permitted           6   deoxy - 13 -
(butyrylmercapto) - 5-  to stand overnight at room temperature and is
10  oxytetracycline                              then evaporated to
dryness. The product is
crystallized as the paratoluenesulfonate salt                       EXAMPLE
XIX                    from acetone-water.                         75
6 - Deoxy - 13 - mercapto - 5- oxy-    Elemental   analysis,   calculated
for                         tetracycline
C[err]H[err]O[err]N[err]S.C[err]H[err]O[err]S:  C,  58.1%;  H,            6
- Deoxy - 13 - (acetylmercapto) - 5-  5.0%; N, 3.9%; S, 8.8%; found: C,
58.5;     15  oxytetracycline sulfosalicylate salt, 8.0 g., pre-  H,-4.9;
N, 3.7; S, 9.0. Ultra-violet absorp-         pared as described in Example
XIV, is  tion maxima are observed at 257 and 355 m[err]  80
dissolved in 400 ml. conc. hydrochloric acid  (0.01 N methanolic HCl); 250
and 384 m[err]         by vigorous agitation at room temperature.  (0.01 N
methanolic NaOH); and 241, 271         The reaction mixture is allowed to
stand for  and 368 m[err] (0.01 N methanolic MgCl[err]. In     20  five
days, turning from yellow green to orange  vitro activity vs. K. pneumoniae
= 350 [err]/mg.         in color. It is then poured slowly with stirring
into a 1500 ml. container filled with ice plus         EXAMPLE XXI
85         500 ml. of water. When the resulting cloudy  6 - Deoxy - 13 -
([err] - hydroxyethylmercapto)-         yellow solution has warmed to room
tem-            tetracycline S - oxide     25  perature it is extracted
once with 500 ml.    This product is prepared by following the
butanol. Another 500 ml. water is then added  procedure of Example XX with
the substitu-          to the aqueous phase and the latter is  tion of the
6 - deoxy - 13 - ([err] - hydroxy-  90          extracted three more times
with 250 ml. por-  ethylthio)tetracycline of Example I as the
tions of fresh butanol. All butanol extracts  starting compound. The
product is soluble in     30  are combined and evaporated in high vacuum
1: 1 by volume acetone: 5%  aqueous HCl.          on a warm water bath to a
yellow solid. This          residue is washed thoroughly with ether and
EXAMPLE XXII          dried. It is further purified by dissolving 6.0  6 -
Deoxy - 13 - (benzylmercapto)tetra-  95          g. in 600 ml. methanol at
room temperature,               cycline S - oxide     35  treating with 2.0
g. Darco (Registered Trade    The product of Example III as the toluene-
Mark) G-60 activated carbon at reflux tem-  sulfonate salt, 5 g., is
dissolved in 500 ml          perature, and filtering. The cake is washed
methanol at room temperature, and 1.5 ml.          with methanol, and the
combined filtrate and  30%  aqueous hydrogen peroxide is added 100
washings are heated on the steam bath, with  After standing overnight, the
reaction mix-     40  the addition of 6.0 g. sulfosalicylic acid. The  ture
is stripped to dryness, the residue is          resulting solution is
concentrated to about  stirred with ether and the product is filtered
40 ml. and stirred overnight at room tem-  off. It is purified by
crystallization from          perature. The crystalline solid which
separates  acetone-ethanol, to obtain the desired sul- 105          is
recovered by filtration, ether-washed and  foxide as the toluenesulfonate
having the fol-     45  dried, to obtain 3.5 g. of the desired product.
lowing analysis:          3  Elemental   analysis,  calculated   for
Calcd. for C[err]H[err]O[err]N[err]S.C[err]H[err]O[err]S:  C,
C[err]H[err]O[err]N[err]S.C[err]H[err]O[err]S.2H[err]O:  C, 47.6%;  58.6%;
H, 5.2%; N, 3.8%; S, 8.7%; found:          H, 4.7%; N, 3.8%; S, 8.8%;
found: C,   C, 58.8; H, 5.1; N, 3.5; S, 8.4.             110          47.3;
H, 5.0; N, 3.7; S, 8.7.                  Infrared absorption maxima in
potassium     50    Ultraviolet  absorption  maxima  almost  bromide are
observed at 6.02, 7.27, 6.37, 6.64,          identical with the starting
compound are  6.71, 6.92, 7.53, 7.73, 8.09, 8.26, 8.6, 8.75
observed, i.e., at 267, 315, and 350 m[err] (0.01  and  8.94  [err].
Ultraviolet maxima  occur          N methanolic HCl) and at 238 and 365
m[err]  at    267  m[err]    [err]      and          (0.01  N  methanolic
NaOH). While the      55  infrared spectrum exhibits a weak band at
[err]         001      5.98 [err], it no longer has the very strong band
at 5.94 [err] observed with the starting com-  methanolic  HCl. When  the
product is     pound. The product exhibits in vitro bio-  administered to
mice in single dosage via the          activity in the standard B. subtilis
plate assay.  subcutaneous route 30 minutes after infection      60    The
corresponding 5-deoxy product is pre-  with S. aureus, a 45%  survival rate
is 120          pared from the 6 - deoxy - 13   (acetyl-  observed at a
dosage level of 12.5 mg./kg.          mercapto)tetracycline of Example IX
by fol-    Following the procedure of Example XX, 



lowing the above procedure.              the products of Examples IV
through XVIII             14                                 1,004,664
are also converted to their corresponding sul-  23            [err]
foxides. Optimum reaction time is determined     in each case by standard
paper chromato-            [err]     graphic analysis of samples
periodically with-  383    m[err]  5  drawn from  the reaction mixture. The
sul-  methanolic NaOH. The product exhibits in     foxides are generally
found to be more polar  vitro bioactivity of 50 u./mg. vs. K. pneu-
than the starting compounds. When the spot  moniae (oxytetracycline
standard).     corresponding to the starting compound has    7,13 - Epithio
- 6 - deoxytetracycline. The  65     substantially  disappeared, the
reaction  is  mother liquor from  the above described 10  halted and the
product is recovered.       methanolic HCl  crystallization is evaporated
to about 10 ml., and a crop of the mixed                EXAMPLE XXIII
epithio compounds is separated by filtration.     7,13 - Epithio - 6 -
deoxytetracycline and  Further evaporation of the filtrate leads to  70
lla,13 - Epithio - 6 - deoxytetracycline    crystallization of 100 mg. of
the 7,13-epithio       6 - Deoxy - 13 - (benzylmercapto)tetra-  compound,
having an elemental analysis as 15  cycline S - oxide, 500 mg., is
dissolved in 10  follows:     ml.  concentrated  hydrochloric  acid  and
Calcd. for: C[err]H[err]N[err]O[err]S.HCl.H[err]O:  C,     allowed to stand
at room temperature for five  51.5%; H, 4.9%; N, 5.5%; S, 6.5%; Cl, 75
days. At this time, any insolubles present are  6.9; found: C, 53.4; H,
4.9; N, 5.2; S, 6.2;     removed by filtration, and the filtrate is  Cl,
7.1. 20  diluted with 10 ml. of ice-water. The solution    Infrared
absorption maxima in potassium     is extracted with butanol, and the
butanol  bromide are observed at 6.05, 6.35, 6.84,     extract is
decolorized with Darco G-60  7.44, 7.64, 7.95, 8.24 and 8.87 [err].
Ultra-  80     activated carbon, filtered and evaporated to  violet
maxima          occur      at     dryness to obtain the desired mixture.
The                [err] 25  reaction is repeated on a larger scale, as
follows:       6 - Deoxy - 13 - (benzylmercapto)tetra-  m[err]      [err]
and      420     cycline S - oxide, 5 g., is dissolved in 150         [err]
ml. concentrated  hydrochloric  acid. The  m[err] 30  reaction mixture is
permitted to stand for 8     days at room temperature. It is then diluted
methanolic HCl; at 247 m[err] [err], 85     with 500 ml. of ice and water,
and the mix-     ture is extracted with butanol. The combined  262
m[err]       [err]     butanol extracts are evaporated to dryness 35  under
vacuum, the resulting residue is slurried  360  m[err]     [err]   in  0.01
N     with ether, and the crystalline mixture of  methanolic    MgCl[err];
and    at   248     epithio compounds (3 g.) is recovered by          [err]
filtration.                             m[err]             and    391
11a,13 - Epithio - 6   deoxytetracycline.           [err] 40  One gram of
the crystalline mixture is dis-  m[err]   [err]   in    0.01    N  90
solved in 20 ml. methanol, and 0.5 ml. con-  methanolic NaOH. In vitro
activity vs. K.     centrated hydrochloric acid is added. The  pneumoniae=
1290   u/g.  (oxytetracycline     white, crystalline 11a,13 - epithio
compound,  standard).     265 mg., crystallizes from the solution and is 45
recovered by filtration. The mother liquor is    The in vitro activity of
the 7,13-epithio-     reserved.                              compound  is
further evaluated  against a 95       Elemental  analysis:   calculated
for  variety  of microorganisms  in  brain-heart
C[err]H[err]O[err]N[err]S.HCl: C, 53.5%; H, 4.7%; N,  infusion. Minimum
inhibitory concentrations 



5.7%; S, 6.5%; Cl, 7.1%; found: C, 53.1;  (MIC) are found to be as follows:
50  H, 4.5; N, 5.2; S, 6.6; Cl, 6.9.       Infrared absorption maxima are
observed in     potassium    bromide   at   5.75,   6.87       Organism
MIC (mcg./ml.)     and  8.07  [err]. Ultraviolet maxima  occur       M.
pyogenes var. aureus      0.39    100     at  262  m[err]  [err]  and  345
S. pyogenes                      S. faecalis               0.28 55  m[err]
(broad   [err])  in   0.01N         D. pneumoniae             0.39
E. rhusiopathiae          0.19    methanolic HCl; at 258 m[err] ([err]
=292),         A. aerogenes                    12.5
E. coli                   6.3     283     m[err]       ([err]),
and       P. vulgaris              >100
P. aeruginosa         >100     340   m[err]   [err]  in   0.01N
S. typhosa                 6.3                   K. pneumoniae
3.12      110    methanolic       MgCl[err];    and        at      H.
influenzae                6.3
1,004,664                                     15     Organism
MIC (mcg./ml.)  separated by centrifuging. The solid catalyst          M.
pyogenes var. aureus                 is washed with two 30 ml. portions of
376*                       1.56       methanol and all three methanol
solutions are  65          M. pyogenes var. aureus                 then
combined and evaporated to dryness 5         400 *
3.12       under reduced pressure. The resulting residue          Staph.
E/R-1*                3.12       consists of 890 mg. of the desired
product.          Staph. E/R-2*                3.12       It is
crystallized by dissolving in 20 ml.          Staph. E/R-3 *
3.12       methanol containing 1 g. of 5 - sulfosalicylic  70
Streptococcus 98             0.19       acid, treating with activated
charcoal, filter- 10    * Antibiotic-resistant strains.         ing and
allowing the filtrate to stand at room
temperature. The 500 mg. of sulfosalicylate        In vitro activity in
brain-heart infusion  salt which separates is filtered off and dried.
plus human serum is also determined with  The identity of this product is
confirmed by  75     the 7,13-epithio compound, and minimum   paper
chromatography in comparison with an     inhibitory concentrations of 6.25
and 3.12  authentic sample. It is found to be free of 15  mcg./ml. are
observed, respectively, with M.  the compound of the opposite steric con-
pyogenes var. aureus and S. pyogenes in this  figuration.     medium.
EXAMPLE XXVI                   80        7,13 - Epithio - 6 -
deoxytetracycline, 10       6-Epi-6-deoxytetracycline     mg., is dissolved
in a mixture of 1 ml.    1 Gram  of 6 - deoxy - 13 - (phenyl- 20  methanol,
0.3 ml. acetone and 0.2 ml. 1,2-  mercapto) tetracycline (Example II) is
dis-      dimethoxymethane, and 0.04 ml. of 30%   solved in 100 ml.
absolute ethanol with heat      aqueous hydrogen peroxide is added. The
and vigorous stirring. The solution is cooled, 85      reaction mixture is
permitted to stand over-  treated with 3 g. Raney nickel, and heated
night at room  temperature. This solution,  at reflux temperature for 3
hours. It is 25  diluted to 10 ml., exhibits in vitro activity  allowed to
stand at room temperature for 3      vs. K. pneumoniac of 2460 u./ml.
(oxytetra-  days and then filtered. The Raney nickel is      cycline
standard), attributed to the sulfoxide  thoroughly washed with ethanol and
the com- 90      of the starting compound.                   bined ethanol
filtrates are evaporated to dry-
ness in vacuo. The resulting greenish-yellow                   EXAMPLE XXIV
solid is distributed between butanol and 0.01 30    The procedure of the
preceding example,  N aqueous HCl, and the pH is adjusted to      first
paragraph, is applied to 6 - deoxy - 13-  1.5. After vigorous agitation the
layers are  95      (phenylmercapto)tetracycline S - oxide, and  separated
and the butanol layer is washed 



381 mg. of product are obtained exhibiting  once with 0.01 N HCl (pH 1.5).
Both acid      an in vitro activity of  820 oxytetracycline layers are now
washed once with fresh butanol 35  units vs. K  pneumoniae and  ultraviolet
and all butanol fractions are combined and      absorption maxima at 268
and 357 m[err]. The  evaporated under reduced pressure to a yellow  100
evidence indicates that the product is the  solid.      S-epimer of the
starting compound. The    The experiment is repeated, reducing the
infrared spectrum exhibits absorption maxima  Raney nickel level to one
gram  and the 40  at 6.02, 6.22, 6.33, and 6.90 [err], but has no  reaction
time to one hour at reflux tempera-      carbonyl absorption band between 5
and 6 [err].  ture, with substantially the same results.    105      The Rf
value is found to be 0.95 in a system      consisting of Whatman No. 1
chromatographic           EXAMPLE XXVII      paper saturated with pH 3.5
aqeous buffer    Following  the procedures of Examples 45  as the
stationary phase and 20:10:3  by  XXV and XXVI the products of Examples
volume nitromethane: chloroform: pyridine as  I, III-XI, and XIII-XXIII are
converted      the  mobile  phase. An  additional spot,  to the
corresponding 6 - epi - 6 - deoxy- 110      apparently the 4-epimer, is
observed at a  tetracyclines. Reaction temperatures ranging      point
corresponding to an Rf value of 0.75.  from 40 to 130[err] C. are
successfully employed 50  A similar reaction is observed when 6 - deoxy-
by appropriate selection of solvents including      13 - (phenylmercapto) -
5 - oxytetracycline  methanol, ethanol, propanol and butanol, or
S-oxide  is  subjected  to  these  reaction  by reaction in  a sealed
vessel where the 115      conditions.
reaction temperature exceeds the atmospheric                    EXAMPLE XXV
boiling point of the selected solvent. Com- 55  6 - Epi - 6 - deoxy - 5 -
oxytetracycline    pleteness of reaction is judged by disappear-     To 8
g. of Raney nickel is added a solution  ance of the starting compound, as
determined     of 1 g. of 6 - deoxy - 13 - (benzylmercapto)-  by paper
chromatography employing 20: 10:3  120     5 - oxytetracycline (Example
XII) in 30 ml.  nitromethane: chloroform: pyridine  as  the     methanol
together with  sufficient hydro-  mobile phase on Whatman No. 1 chromato-
60  chloric acid to provide a pH of 1.5. The sus-  graphic paper saturated
with pH 3.5 aqueous      pension is stirred at reflux temperature for
buffer. Recover and purification are carried      6 hours, and the
supernatant liquid is then  out as in Examples XXV and XXVI.      125
16                                 1,004,664                EXAMPLE XXVIII
of dry, liquid hydrogen fluoride, and the mix-     1la - Chloro - 5 -
oxytetracycline - 6,12-  ture is stirred for 3.5 hours at ice-bath tem-  25
hemiketal    perature. The hydrogen fluoride is evaporated
Twenty-three grams of anhydrous oxytetra-  off by warming under a flow of
nitrogen gas 5  cycline is dissolved in  250 ml. of 1,2-  to obtain the
product as the hydrofluoride     dimethoxyethane and 8 g. of N  - chloro-
salt.     succinimide is next added. The mixture is      The crude
hydrofluoride product is dis-  30     stirred for two minutes and then
poured into  solved in water and conc. HCl or perchloric     1 liter of
stirred water. The product which  acid (70%) is added dropwide to
precipitate 10  separates is collected by filtration  water-  the
hydrochloride or perchlorate salts respec-     washed and dried. Infrared
analysis of the  tively. The hydriodide salt is precipitated     product
(KBr at 1%  concentration)shows no  from  acetone solution of the crude
hydro-  35     carbonyl absorption  in  the  5-6  micron  fluoride salt by
addition of 47%  hydriodic     region but shows the following principal
acid. 15  peaks: 6.12, 6.35, 6.66, 6.85, 7.22, 7.55,    Alternatively, the
original reaction mixture     7.75, 7.92, 8.14, 8.36, 8.78, 9.18, 9.43  is
diluted with 6-7 volumes of water and     microns. Bioassay of the product
shows a  ice and perchloric acid or naphthalene sul-  40     tetracycline
activity of 4 mcg/mg.           fonic acid (concentrated acid) is added to
precipitate. the respective salt. Dilution with                EXAMPLE XXIX
acetone of the original reaction mixture fol- 20  11a - Chloro - 6 - deoxy
- 6 - demethyl - 6-  lowed by addition of HI, precipitates  the 



methylene - 5 - oxytetracycline     hydriodide salt.      Five grams of 11a
- chloro - 5 - oxytetra-    The hydriodide salt,on elemental analysis,
cycline - 6,12 - hemiketal is added to 15 ml.  shows the following values:
Calcd. for: C[err]H[err]N2O[err]ClHI: - C, 43.7; H, 3.7; N, 4.6; Cl, 5.8
Found:                      C, 44.0; H, 4.0; N, 4.2; Cl, 5.5  50
Ultraviolet analaysis shows the  following   analysis in 0.01 N HCl in
methanol shows     maxima: 222, 270 and 372 m[err].     Infrared analysis
shows principal peaks at [err]   252  m[err]     [err], 450  and  [err]
75     3.05,3.2, 5.7, 6.02, 6.03, 6.22, 6.4, 6.88,  345 m[err] [err]
302; in 0.01 N  NaOH     7.4, 7.8, 8.1, 8.9 and 9.1 microns. The per- 55
chlorate salt on ultraviolet analysis shows                   [err]
maxima at 237, 270 and 372 m[err].                  [err]
254   [err]                 EXAMPLE XXX     6 - Deoxy - 6- demethyl- 6 -
methylene-                    [err]                5 - oxytetracycline
329;  385     m[err]             [err] 60    To a solution of 5 g. of the
Example XXIX                                             280 m[err],
[err],     329; in 0.01 N    MgCl[err]  80     dilute hydrochloric acid (1
part conc.HCl in    [err]     55 parts of  water) at 20[err] C. is added 2
g.     of zinc dust. After stirring for 10 minutes,  [err] 65  the zinc is
filtered off, the filtrate adjusted to         [err]     [err] and
extracted with butanol. The                                          [err]
Infrared  analysis     butanol extract is concentrated under reduced
[err]     pressure to a residue which is triturated with  shows principal
peaks at 6.03, 6.2, 637 and     ether. The ether-insoluble residue is
crystal- 6.87 microns. Elemental analysis of the pro- 85 70  lized from
methanol - acetone - conc. HCI  duct gives the following values:  C, 55.0;
H,     ether to obtain the product as the hydro-  5.2; N, 5.5; Cl, 7.0;
OCCH[err], 3.4. The product     chloride - monomethanolate (2.5 g.) melting
shows Rf values of 0 and 0.35 respectively     at 205[err] C. with
decomposition. Ultraviolet  in the following systems:  90
Mobile Phase                                Immobile Phase           (1)
20:3 toluene-pyridine                      pH 4.2 buffer (aqueous)
saturated with pH 4.2            buffer             (2) 20: 10:3
nitromethane,                     pH 3.5 buffer (aqueous) 95
chloroform pyridine              saturated with pH 3.5              buffer
1,004,664                                     17          EXAMPLE XXXI
10-15 minutes, after which the hydrogen
lla-Chlorotetracycline-6,12-hemiketal  fluoride is evaporated off. The
residue is tri-  15            This compound is prepared in accordance
turated in ether to obtain the solid product,          with the method of
Example XXVIII by sub-  11a - chloro - 6 - deoxy - 6 - demethyl - 6-      5
stituting an equivalent amount of tetracycline  methylenetetracycline, as
the hydrofluoride          for the oxytetracycline of Example XXVIII.  salt
which is recrystallized from methanol.
Alternatively, the crude hydrofluoride pro-  20 



EXAMPLE XXXII                   duct (10 g.) is dissolved in 350 ml. of
H[err]O          11a - Chloro - 6 - deoxy - 6- demethyl - 6-  by warming
and stirring. An equal volume                      methylenetetracycline
of conc. HCl is added to the clear solution      10    11a -
Chlorotetracycline - 6,12 - hemi-  and the product crystallizes as the
hydro-          ketal is dissolved in liquid hydrogen fluoride  chloride
salt. Elemental analysis of the hydro- 25          (in a ratio of 2 g./15
ml.) at 0[err] C. The mix-  chloride salt thus obtained gives the following
ture is maintained at this temperature for  results:
Calcd. for: C[err]H[err]O[err]N[err]Cl[err]; C, 53.11; H, 4.56; chloride
7.13; N, 5.63                  found:                      C, 52.62;  H,
4.63; chloride 6.84; N, 5.54.       30  Infrared analysis of the product as
the hydro-  8.55, 10.22, 10.55 and  10.89. Ultraviolet 35
chloride salt in a KBr pellet at 1% concen-  analysis  of  the  sample  in
0.01   N           tration shows carbonyl absorption at 5.70 as
methanol-HCl shows maxima at 376, 278           well as the following
significant peaks: 6.1,  and 242 m[err]. The product shows an Rf value
6.23, 6.36, 6.45 (shoulder) 6.91, 6.85, 8.14,  of from 0.2 to 0.3 in the
following system:       40               Mobile Phase
Immobile Phase                    20:3 toluene-pyridine
pH 4.2 buffer (aqueous)                      saturated with pH 4.2
buffer            On analysis of the papergram  with ultra-  is allowed to
stand for 15 minutes at room      45  violet light, the  product spot does
not  temperature, after which it is stripped of           fluoresce
strongly. However, on spraying, with  methanol and extracted with butanol.
The  60           aqueous sodium hydrosulfite, it shows strong  butanol
extract is concentrated to obtain the        fluorescence.
product,   6 - deoxy - 6 - demethyl - 6-             The C.4 epimer of the
product, present as  methylenetetracycline. The product is crystal-      50
a minor impurity, shows Rf 0.1 in this system.  lized from  water as the
p-toluene-sulfonate
salt by addition of p-toluenesulfonic acid. 65
EXAMPLE XXXIII                  Alternatively, it is crystallized as the
hydro-           6 - Deoxy - 6 - demethyl - 6 - methylene-  chloride salt
from water by addition of con-                           tetracycline
centrated HCl.             The product of Example XXXII (5 mg.) is    The
product shows an Rf value of 0.6 in       55  dissolved in 3 ml. of
methanol and a freshly  the same system  as described in Example  70
prepared solution of sodium hydrosulfite (20  XXXII, and shows Rf 0.9 in
the following mg. in 2 ml. of water) is added. The mixture  system:
Mobile Phase                               Immobile Phase
20: 10:3 nitromethane:                     pH 3.5 buffer (aqueous)       75
chloroform: pyridine     The C.4 epimer of this substance show Rf's
reaction time of 15 minutes the zinc is 90           of approximately 0.4
and approximately 0.6  removed by rapid filtration and washed with    in
the two systems.                         solvent. One liter of water is
added gradually                                                        to
the filtrate over a period of about 10   Method B
minutes. A yellow slurry of the zinc complex   80    A solution of 50 g. of
1la - chloro - 6-  of the product is formed. The pH of the solu-  95
deoxy - 6 - demethyl - 6 - methylenetetra-  tion is then adjusted to 6.8
with 10% aqueous   cycline [err] in 500 ml. of mono-  sodium hydroxide.
methyl ether of ethylene glycol is cooled to   The resulting slurry is
digested for about       4 C. in an ice bath and the rapidly stirred  1.5
hours in an ice bath and filtered. The       85  solution is treated with
50 g. of zinc metal  wet cake is then slurried in 750 ml. of water 100
dust at a gradual rate over a: period of about  and conc. HCl  is added
dropwise until a            10 minutes. The temperature rises to 12[err] C.
clear solution is obtained. A slight excess of            during addition.
After addition is complete,  conc. HC;  causes rapid crystallization of 6-
the temperature begins to fall. After a total  deoxy - 6 - demethyl - 6 -
methylenetetra-    



18                                     1,004,664     cycline hydrochloride
as glistening needles.  nesium sulfate, magnesium chloride, stannous  65
After digestion for one hour, the product is  chloride, zinc chloride,
cadmium chloride,     filtered and dried. The yield of product is  barium
chloride, silver  nitrate, stannous     37.8 g. The product melts at
213.8-214.2[err]  nitrate, strontium nitrate, magnesium acetate, 5   C.
with decomposition.                      manganous acetate, palladium
chloride, man-                                                 ganous
chloride, cerium  chloride, titanium  70                 EXAMPLE XXXIV
chloride,  platinum   chloride,  vanadium     Acid addition salts of 6 -
Deoxy - 13 - ([err]-  chloride, plumbous acetate, stannous bromide,
hydroxyethylmercapto) tetracycline    zinc sulfate, chromous chloride and
nickelous       6 - Deoxy - 13 - ([err] - hydroxyethyl-  chloride. 10
mercapto)tetracycline is dissolved in methanol    In the same fashion, the
same metal com- 75     containing an equimolar amount of hydrogen  plexes
of the compounds of the examples     chloride. The hydrochloride salt is
then pre-  appearing hereinbefore are prepared.     cipitated by the
addition of ether, and is     collected by filtration and dried.
EXAMPLE XXXVI 15    In a similar manner, acid addition salts of    6 -
Deoxy - 13 - ([err]- hydroxy-     6 - deoxy - 13 - ([err] -
hydroxyethylmercapto)    ethylmercapto)tetracycline    1  g.   80
tetracycline are prepared using, in lieu of   Liquid petrolatum
6.5 g.     hydrochloric acid, sulfuric, nitric, perchloric,    White
petrolatum        92.5 g.     hydrobromic, phosphoric, hydrofluoric, p- 20
toluenesulfonic, hydriodic, tartaric, acetic,    The two vehicles are
combined and the     citric, malic, benzoic, glycollic, gluconic,
antibiotic is carefully blended in about 10%     gulonic, succinic, and
sulfosalicyclic acids.  of the combination. The remainder of the  85
In like manner, the acid addition salts of  vehicle is gradually
introduced, with thorough     the products of the examples appearing here-
blending after each addition, to provide a 25  inbefore are prepared. Those
acid addition  preparation suitable for topical use.     salts which are
pharmaceutically unacceptable    The remaining new products of the pre-
may be employed in conventional fashion for  ceding examples are formulated
in the same  90     purification purposes to produce either the  fashion.
amphoteric compounds or pharmaceutically     WHAT WE CLAIM IS:- 30
acceptable acid addition salts thereof. Addi-    1. A compound selected
from those having     tionally, the pharmaceutically unacceptable  the
formula     acid addition salts are useful as intermediates        [err]
for producing other products of the present     invention.
95 35               EXAMPLE XXXV     Metal salts of 6 - deoxy- 13 - ([err]
- hydroxy-              ethylmercapto)tetracycline       The sodium salt of
6 - deoxy - 13 - ([err]-  wherein A is hydrogen or hydroxy and R
hydroxyethylmercapto)tetracycline is prepared  is a primary or secondary
alkyl of from one 40  by dissolving the amphoteric compound in  to twelve
carbon atoms, R[err]CO  where R[err]     methanol containing an equimolar
amount of  is alkyl containing from one to three carbon     sodium
hydroxide and evaporating the result-  atoms, phenyl, mono- or
disubstituted phenyl, 100     ing mixture in vacuo. In this fashion, other
benzoyl, trifluoromethyl or R[err]CH[err]-     metal salts are prepared
including potassium,    wherein R[err] is mono- or disubstituted alkyl, 45
calcium, barium, lithium and strontium salts.  carboxy, carbalkoxy, halo,
phenyl, mono- or       Metal complexes of 6 - deoxy - 13 - ([err]-
disubstituted phenyl or furyl,     hydroethylmercapto)tetracycline   are
pre-    each substituent of said mono- or disubsti-  105     pared by
dissolving it in an aliphatic alcohol,  tuted alkyl being selected from
hydroxy,     preferably methanol, and treating with an  alkoxy, carboxy,
carbalkoxy, halo or amino, 50  equimolar amount of the selected metal salt,
provided that where two of said substituents     preferably dissolved in
the selected alcohol.  are joined to the same carbon atom at least     The
insoluble  metal complexes may be  one is carboxy or carbalkoxy,
isolated by simple filtration. Generally, how-   and each substituent of
said mono- or 



ever, most of them are alcohol soluble and  disubstituted phenyl being
selected from alkyl, 55  recovery is effected by evaporation of the
hydroxy, alkoxy, carboxy, carbalkoxy, nitro     solvent or addition of a
non-solvent such as  or amino,     diethyl ether.
the acid addition salts thereof, and the   115       In this fashion, metal
complexes of 6-  pharmaceutically acceptable metal salts or     deoxy - 13
- ([err] - hydroxyethylmercapto)-  complexes thereof. 60  tetracycline
consisting primarily of compounds    2. 6 - Deoxy - 13 - ([err] -
hydroxyethyl-     containing 1:1 ratio of metal to 6 - deoxy-
mercapto)tetracycline.     13 - ([err] - hydroxyethylmercapto)tetracycline
3. 6 - Deoxy - 13 - (acetylmercapto) - 5- 120     are prepared employing
the following metal  oxytetracycline.     salts: calcium chloride, cobalt
chloride, mag-    4. A compound selected from 6 - deoxy-
18                                      1,004,664
cycline hydrochloride as glistening needles.  nesium sulfate, magnesium
chloride, stannous  65                      After digestion for one hour,
the product is  chloride, zinc chloride, cadmiun chloride,    filtered and
dried. The yield of product is  barium  chloride, silver  nitrate, stannous
37.8 g. The product melts at 213.8-214.2[err]  nitrate, strontium nitrate,
magnesium acetate,                  5   C. with decomposition.
manganous acetate, palladium chloride, man-
ganous chloride, cerium  chloride, titanium  70
EXAMPLE XXXIV                   chloride,  platinum   chloride,  vanadium
Acid addition salts of 6 - Deoxy - 13 - ([err]-  chloride, plumbous
acetate, stannous bromide,                            hydroxyethylmercapto)
tetracycline    zinc sulfate, chromous chloride and nickelous
6 - Deoxy - 13 - ([err] - hydroxyethyl-  chloride.                  10
mercapto)tetracycline is dissolved in methanol    In the same fashion, the
same metal com- 75                       containing an equimolar amount of
hydrogen  plexes of the compounds of the examples
chloride. The hydrochloride salt is then pre-  appearing hereinbefore are
prepared.                       cipitated by the addition of ether, and is
collected by filtration and dried.                      EXAMPLE XXXVI
15    In a similar manner, acid addition salts of    6 - Deoxy - 13 -
([err]-  hydroxy-                       6 - deoxy - 13 - ([err] -
hydroxyethylmercapto)    ethylmercapto)tetracycline   1  g.   80
tetracycline are prepared using, in lieu of   Liquid petrolatum
6.5 g.                       hydrochloric acid, sulfuric, nitric,
perchloric,    White petrolatum         92.5 g.
hydrobromic, phosphoric, hydrofluoric, p-                  20
toluenesulfonic, hydriodic, tartaric, acetic,    The two vehicles are
combined and the citric, malic, benzoic, glycollic, gluconic,  antibiotic
is carefully blended in about 10%                       gulonic, succinic,
and sulfosalicyclic acids.  of the combination. The remainder of the  85
In like manner, the acid addition salts of  vehicle is gradually
introduced, with thorough                       the products of the
examples appearing here-  blending after each addition, to provide a
25  inbefore are prepared. Those acid addition  preparation suitable for
topical use.                       salts which are pharmaceutically
unacceptable    The remaining new products of the pre-
may be employed in conventional fashion for  ceding examples are formulated
in the same  90                       purification purposes to produce
either the  fashion.                       amphoteric compounds or
pharmaceutically    WHAT WE CLAIM IS: -                  30  acceptable
acid addition salts thereof. Addi-    1. A compound selected from those
having                       tionally, the pharmaceutically unacceptable
the formula                       acid addition salts are useful as
intermediates                       for producing other products of the
present           [err]                       invention.
95                   35   EXAMPLE XXXV                       Metal salts of
6 - deoxy- 13 - ([err] - hydroxy-
ethylmercapto)tetracycline                         The sodium salt of 6 -
deoxy - 13 - ([err]- wherein A is hydrogen or hydroxy and R 



hydroxyethylmercapto)tetracycline is prepared  is a primary or secondary
alkyl of from one                  40  by dissolving the amphoteric
compound in  to twelve carbon atoms, R[err]CO where R[err]
methanol containing an equimolar amount of  is alkyl containing from one to
three carbon                       sodium hydroxide and evaporating the
result-  atoms, phenyl, mono- or disubstituted phenyl, 100
ing mixture in vacuo. In this fashion, other  benzoyl, trifluoromethyl or
R[err]CH[err]-                       metal salts are prepared including
potassium,    wherein R[err] is mono- or disubstituted alkyl,
45  calcium, barium, lithium and strontium salts.  carboxy, carbalkoxy,
halo, phenyl, mono- or                         Metal complexes of 6 - deoxy
- 13  - ([err]-  disubstituted phenyl or furyl,
hydroethylmercapto)tetracycline   are   pre-    each substituent of said
mono- or disubsti- 105 pared by dissolving it in an aliphatic alcohol,
tuted alkyl being selected from  hydroxy,                       preferably
methanol, and treating with an  alkoxy, carboxy, carbalkoxy, halo or amino,
50  equimolar amount of the selected metal salt,  provided that where two
of said substituents                       preferably dissolved in the
selected alcohol.  are joined to the same carbon atom at least
The  insoluble  metal complexes  may  be  one is carboxy or carbalkoxy,
110                       isolated by simple filtration. Generally, how-
and each substituent of said mono- or                       ever, most of
them are alcohol soluble and  disubstituted phenyl being selected from
alkyl,                  55  recovery is effected by evaporation of the
hydroxy, alkoxy, carboxy, carbalkoxy, nitro                       solvent
or addition of a non-solvent such as  or amino,
diethyl ether.                                the acid addition salts
thereof, and the 115                         In this fashion, metal
complexes of 6-  pharmaceutically acceptable metal salts or
deoxy - 13 - ([err] - hydroxyethylmercapto)-  complexes thereof.
60 tetracycline consisting primarily of compounds    2. 6 - Deoxy - 13 -
([err] - hydroxyethyl-                       containing 1: 1 ratio of metal
to 6 - deoxy-  mercapto)tetracycline.                       13 - ([err] -
hydroxyethylmercapto)tetracycline  3. 6 - Deoxy - 13 - (acetylmercapto) -
5- 120                       are prepared employing the following metal
oxytetracycline.                       salts: calcium chloride, cobalt
chloride, mag-    4. A compound selected from 6 - deoxy-
1,004,664                                    19      13 -
mercaptotetracycline, 6 - deoxy - 13-   14. The process of producing a
compound     mercapto - 5 - oxytetracycline, the acid addi-  selected from
6 - epi - 6 - deoxytetracycline     tion salts thereof and the
pharmaceutically  and 6 - epi - 6 - deoxy - 5 - oxytetracycline
acceptable metal salts or complexes thereof.  or salts thereof which
comprises the step of  50 5     5. 6 - Deoxy - 13 - mercaptotetracycline.
contacting a 13 - substituted - 6 - deoxy-       6. 6 - Deoxy - 13 -
mercapto - 5 - oxy-  tetracycline or salt thereof in a reaction-inert
tetracycline.                              solvent with at least an equal
weight of Raney       7. A compound selected from those having  nickel
containing hydrogen formed during     the formula
manufacture at a temperature of from 20 to  55
130 C.,                                                   said 13 -
substituted - 6 - deoxytetra-                [err]             cycline
being selected from 6 - deoxy - 13-
mercaptotetracycline,  6  - deoxy  -  13-              mercapto - 5 -
oxytetracycline, 7,13 - epi-  60 10                                thio - 6
- deoxytetracycline, 11a,13 - epithio-                6 -
deoxytetracycline; and tetracyclines of the
formula                                                             [err]
wherein A is hydrogen or hydroxy and R is     a primary or secondary alkyl
of from one to     twelve carbon atoms, R[err]CO  where R[err] is     alkyl
containing from  one to three carbon 15  atoms, phenyl, mono- or
disubstituted phenyl,     benzoyl, trifluoromethyl or R[err]CH[err]-
wherein A is hydrogen or hydroxy and R is 65 



wherein R[err] is mono- or disubstituted alkyl,  a primary or secondary
alkyl of from one to     carboxy, carbalkoxy, halo, phenyl, mono- or
twelve carbon atoms, R[err]CO  where R[err] is     disubstituted phenyl or
furyl,             alkyl containing from  one to three carbon 20    each
substituent of said mono- and disub-  atoms, phenyl, mono- or disubstituted
phenyl,     stituted alkyl being selected from  hydroxy,  benzoyl,
trifluoromethyl or R[err]CH[err]-      70     alkoxy, carboxy, carbalkoxy,
halo or amino,    wherein R[err] is mono- or disubstituted alkyl,
provided that where two of said substituents  carboxy, carbalkoxy, halo,
phenyl, mono- or     are joined to the same carbon atom at least
disubstituted phenyl or furyl, 25  one is carboxy or carbalkoxy,
each substituent of said mono- or disub-       and each substituent of said
mono- or  stituted alkyl being selected from  hydroxy, 75     disubstituted
phenyl being  selected  from   alkoxy, carboxy, carbalkoxy, halo and amino,
alkyl, hydroxy, alkoxy, carboxy, carbalkoxy,  provided that where two of
said substituents     nitro or amino,                            are joined
to the same carbon atom at least 30    the acid addition salts thereof, and
the  one is selected from carboxy or carbalkoxy,     pharmaceutically
acceptable metal salts or   and each substituent of said mono- and  80
complexes thereof.                         disubstituted phenyl being
selected from alkyl,       8. 6 - Deoxy - 13 - ([err]-  hydroxyethyl-
hydroxy, alkoxy, carboxy, carbalkoxy, nitro     mercapto)tetracycline
sulfoxide.           or amino, 35    9. 6 - Deoxy - 13   (phenylmercapto)-
and the corresponding sulfoxides thereof.     tetracycline sulfoxide.
15. A  compound  as claimed  in  claim  85       10. 6 - Deoxy - 13 -
(benzylmercapto)-  one substantially as herein described.     tetracycline
sulfoxide.                      16. The process according to claim 14 as
11. A compound selected from 7,13 - epi-  herein described with reference
to any of 40 -thio - 6 - deoxytetracycline, 11a - 13 - epi-  the Examples.
thio - 6 - deoxytetracycline, the acid addition  17. 6 - epi - 6 -
deoxytetracycline, 6 - epi-  90     salts thereof and the pharmaceutically
accept-  6 - deoxy - 5 - oxytetracycline or salts thereof     able metal
salts thereof.                  when produced by the process of claim 14.
12. 7,13 - epithio - 6 - deoxytetracycline.        MARKS & CLERK, 45    13.
11a,13 - Epithio - 6 - deoxytetra-             Chartered Patent Agents,
cycline.                                            Agents for the
Applicants.             Leamington Spa: Printed for Her Majesty's
Stationery Office, by the Courier Press            (Leamington) Ltd.-1965.
Published by The Patent Office, 25 Southampton Buildings,
London, W.C.2, from which copies may be obtained.
ERRATA                        SPECIFICATION No. 1,004,664 Amendment No 1
Page 5, Table 1, Column B, for "6.31" read                    Page 10, line
116, for "HCl." read "HCL."                   Page 17, line 82, for
"hydrochloride" read                      "hydrochlotide"
THE PATENT OFFICE                   8th March 1966    


