
COMPLETE SPECIFICATION                    Process for producing
a-6-Deoxytetracyclines       We, CHAS. PFIZER & CO. INC., a Corpora-  that
process is generally capable of producing  45     tion organized and
existing under the laws of  up to about a 1: 1 ratio of [err]- to
[err]-isomer. In     the State of Delaware, United States of  view of the
fact that the [err]-somers, particu-     America, located at 235 East 42nd
Street, New  larly [err]-6-deoxy-5-oxytetracycline, are of a 5  York City,
State of New York, United States  higher order of activity than the
corresponding     of America, do hereby declare the invention,
[err]-isomers, a significant improvement in the  50     for which we pray
that a patent may be  [err]- to [err]-isomer ratio without substantial
reduc-     granted to us, and the method by which it is  tion in the yield
of the mixture of isomers is     to be performed, to be particularly
described  of substantial importance. 10  in and by the following
statement: -         The invention consists in a process for the       The
present invention relates to a new and  production of a 6 -
deoxytetracycline by the  55     improved process for producing
[err]-6-deoxy-  hydrogenation of a tetracycline compound hav-
tetracyclines. More particularly, the process of  ing the formula:     the
present invention is based on the discovery 15  of selective catalyst
systems which unexpectedly          [err]     result in the production of a
high ratio of a-     6-deoxytetracycline  to  [err]-6-deoxytetracyline
product upon catalytically hydrogenating a 6-
deoxy-6-demethyl-6-methylene tetracycline. 20    United Kingdom  patent
specification No.     995,032 discloses and claims, inter alia, a novel
group of tetracycline compounds which     are generally designated as a - 6
- deoxytetra-  or an acid addition salt or a polyvalent metal     cyclines.
The designation, "6-epi" and "a" are  salt complex thereof wherein
60 25  used interchangeably therein to refer to identi-    R is a hydrogen
atom or a hydroxyl group     cal spatial orientations of the 6-methyl sub-
X is a hydrogen or chlorine atom comprising     stituent. U.S. Patent No.
3,165,531 uses the  contacting  with hydrogen  a reaction-inert
designation "6-epi" in the same sense as used  medium containing the said
tetracycline com-     in U.K. Patent specification No. 995,032 and  pound
and a poisoned noble metal catalyst, the  65 30  appropriately uses
"6-deoxytetracyclines" when  poison being such as to lead to an enhancement
referring to the prior art isomers. The latter  of the ratio of [err] - 6 -
deoxytetracycline to [err]-     compounds have now been more precisely de-
6 - deoxytetracycline produced.     signated in the scientific literature
as [err]-6-    The present invention is based on the dis-
deoxytetracyclines and the present disclosure  covery that it is possible
to obtain a significant  70 35  uses the "[err]" and "[err]" terminology in
the same  improvement in the [err]- to [err]-isomer ratio as     context.
well as an enhanced yield of the mixture of       The process of U.K.
patent specification No.  isomers if the noble metal catalyst employed
995,032 for producing [err]-6-deoxytetracyclines  is, prior to
hydrogenation, poisoned with an     involves noble-metal catalyst
hydrogenation of  appropriate amount of a poison. The poison is  75 40  a
6-deoxy-6-demethyl-6-methylene tetracycline  preferably quinoline-sulfur,
carbon monoxide,     to produce a mixture containing the corres-  thiourea,
tetramethylthiourea, 7,8-benzoquino- 



ponding [err]-6-deoxytetracyclines. This reaction  line - sulfur,   1,3 -
di - n - butyl - 2-     mixture is then separated to obtain the desired
thiourea, N,N - di - tert. butyl - 2 - thiourea,     [err]-isomer. Under
preferred operating conditions,  potassium ethyl xanthate, 1 - phenyl - 3 -
di-  80          2                                         1,195,456
2     (2 - hydroxyethyl) - 2 - thiourea, 1 - phenyl-  commercially
available or readily prepared by  60     3 - (2 - nydroxyethyl) - 2 -
thiourea, 1-phenyl-  known methods.     2 - tniourea, 1 - ethyl - 1 - (1 -
naphthyly-2-     The poisoned noble metal catalyst of the     thiourea, 1 -
p - hydroxyphenyl - 2 - thiourea,  present invention should, for optimum
results, 5  beta - isothioureidopropionic acid, 2 - imid-  be carefully
calibrated to the operating con-     azolidinethione, isoquinoline -
sulfur, quin-  ditions of the hydrogenation process. Whereas     aldine -
sulfur, 4 - methyl - quinoline-sulfur,  the amount of noble metal catalyst
employed     1,3 - diethyl - 2 - thiourea, N,N  - diethyl - 2-  may
correspond to that used in the prior art     thiourea,  carbon  disuifide,
2 - mercapto-  process of U .K. patent specification  No. 10  pyridine or
L-cystine. Quinoline - sulfur, also  995,032 and as such is not
particularly critical,     referred to as quinoline-S, will be recognized
the optimum ratio of poison to catalyst should  70     by those skilled in
the art as a catalyst poison  be determined to achieve the high ratio of
often used in Rosemund reductions involving  [err]- to [err]-isomer with a
concomitant increase     the catalytic hydrogenation of an acid chlorine
in the yield of the isomer mixture. The proce- 15  to produce the
corresponding aldehyde. In the  dure for determining appropriate ratios of
Rosemund reduction, the purpose of quinoline-  poison to catalyst so as to
promote an en-  75     sulfur is to inactivate the catalyst to the ex-
nanced ratio of [err]- to [err]-isomer is described     tent necessary to
obtain the following reaction:   hereinafter following a description of the
other                                                    process conditions
and is fully illustrated by                  the examples.
The selected tetracycline starting material is  80             dissolved or
suspended in a reaction-inert sol-
vent medium in the presence of a catalytic 20  without concomitant
production of              amount of the poisoned noble metal catalyst
and contacted with hydrogen at an appropriate
R-CH[err]-OH.                   temperature and pressure until reduction of
85                                                    the 6-methylene group
occurs. Thereafter, the     Thus, the poisoning agent does not seriously
mixed [err]-[err]-isomers may be recovered by con-     inhibit the desired
reduction of the highly  ventional procedure involving catalyst removal
reactive acid chloride but effectively prevents  and recovery from the
solvent medium. This 25  hydrogenation of the desired aldehyde pro-
mixture may then be subjected to chromato-  90     duct to the
corresponding alcohol.            graphic or other procedures to separate
the       Although those skilled in the art might pre-  mixture into its
isomeric components. A typical     dict that quinoline-sulfur would  have
the  method of separation is included in the ex-     capacity of
controlling the extent of hydro-  amples hereinafter. 30  genation of a
compound such as 11a-chloro-6-    The  expression  "reaction-inert  solvent
95     deoxy-6-demethyl - 6 - methylene - 5 - oxy-  medium" refers to any
medium  which is a     tetracycline, the 11a-chloro substituent being
solvent or suitable suspending agent for the     more susceptible to
hydrogenation than the 6-  tetracycline  reactant, is stable  under the
methylene substituent, an entirely unobvious  hydrogenation conditions, and
does not inter- 35  result is obtained in accordance with process  fere
with the effectiveness of the catalyst or 100     of the present invention,
viz. the reaction con-  interact with the antibiotic. Polar organic sol-
tinues through reduction of the double bond  vents are generally suitable
and include those     whereupon the [err]- to [err]-isomer ratio is found
enumerated in U.K. patent specification No.     to be substantially higher
than the normal ratio  995,032. As is the case in the process of that 40
obtained with unpoisoned catalyst. In addition,  patent, basic media are
undesirable since they  105     side reactions and degradation are
suppressed,  tend to promote decomposition, reducing the     with an
increase in overall yield of the isomer  yield of the desired product.
mixture. It has been found that not all noble    Excellent results are
achieved in a wide     metal catalyst poisons, for example, metallic  range
of reaction media including methanol; 45  salt solutions, trialkylphosphite
and ethylene  acetone; methyl ethyl ketone; dioxane; form- 110     give the
desired result. Quinoline-sulfur, carbon  amide; alkyl and dialkyl
formamide of one to     monoxide, 1 - phenyl - 3 - (2 - hydroxyethyl)-
four carbon atoms in each alkyl group; N- 



2-thiourea, 7,8 - benzoquinoline - sulfur and  methyl acetamide;
N,N-dimethylacetamide; N-     thiourea are the most preferred poisons.
methyl, N-acetylformamide; N,N-diethylaceto- 50    Quinoline-sulfur is,  as
previously indicated,  acetamide; pyrrolidone; N-methyl-2-pyrroli-  115
a well known poisoning agent. A typical method  done;   methyl
1-methyl-2-pyrrolidone-4-     of preparing the same is included hereinafter
carboxylate; ethylene glycol; propylene glycol;     in Example 1.
Additionally, Example 1 illus-  2 - methoxyethanol; 2 - ethoxyethanol;
aceto-     trates the preparation of a fractioned variation  nitrile;
tetramethylurea; tetrahydrofuran and 55  thereof. Quinaldine-sulfur,
7,8-benzoquinoline-  gamma butyrolactone. It will be apparent that 120
sulfur,  4-methylquinoline-sulfur  and  iso-  mixtures of these solvents
may also be em-     quinoline-sulfur are prepared  in analogous  ployed.
Preferred solvents for the reaction     manner to quinoline-sulfur. The
remaining  include N  - methyl formamide; N - methyl     poisons are also
known organic compounds,  acetamide; methyl 1 - methyl - 2 - pyrrolidone-
3                                         1,195,456
3     4-carboxylate; and tetramethyl urea; and par-  psi or even higher if
suitable equipment is     ticularly preferred are acetone, N,N-dimethyl-
available. Sub-atmospheric pressures down to     acetamide,
N.N-dimethylformamide  and  N-  10 mm Hg or even lower can be employed
methyl-2-pyrrolidone. Additionally, such sol-  successfully, but for speed
and  convenience,     vents often give best results when they contain
hydrogen pressures of one atmosphere or high-  70     from about 20 to 80
volume percent water.     er are usually preferred. In general, pressures
Particular virtues of the foregoing solvents  ranging up to about 70 psi
are quite adequate     include the following:                         since
they promote hyarogenation within a       1. Noble metal catalysts even
prior to poison-  reasonable time. 10  ing remain relatively stable in
these media,     The extent of poisoning of the selected  75     whereas it
is advisable to introduce the poison   catalyst for obtaining optimum
results under     promptly where a solvent such as methanol  specified
reaction conditions may be readily     is employed, to avoid the
possibility of catalyst  determined by simple experimentation as illus-
degradation.                                   trated in the examples
appearing hereinafter. 15    2. It is well known in the catalyst art that
If the extent of poisoning is too little, then  80     different lots of
the same catalyst exhibit var-  substantial enhancement of the
[err]-[err]-isomer ratio     able performance in their intended  function.
is not obtained. On the other hand, if the     The enumerated media,
however, have been   extent of poisoning is too great, then the     found
to give consistently high product yields  ability to reduce the double bond
is dimin- 20  even with so-called inferior catalyst batches.  ished, with
attendant adverse effect on the  85       3. Enhanced solubility provided
by many   yield of mixed isomers and of recovered [err]-     of these media
often permit the use of particu-  isomer. If the selected tetracycline
reactant in-     larly high substrate concentrations, up to 30%   cludes an
11a-chloro substituent, it is conven-     by weight and more.
ient, in experimental runs, to gradually in- 25    4. These media provide
optimum results at  crease the ratio of poison to noble metal catalyst  90
relatively low weight ratios of catalyst to sub-  until the point is
reached that some of the     strate, often at ratios of about 1: 2 and
lower.  corresponding 1la-deschloro compound first        5. Particularly
high yields of a-isomer are  survives in the final reaction product. When
afforded with these media.                     this occurs, the ratio of
poison to catalyst is 30    As in other hydrogenations of tetracycline
reduced slightly so as to avoid the presence  95      antibiotics,
temperature is not a particularly  of this compound in the final reaction
product.      critical condition so long as it is high enough  At this
point, a preferred or optimum poison-      to promote adequate reaction
rates and does  to-catalyst ratio exists since excellent [err]- to [err]-
not become so high as to promote undesired  isomer ratios are obtained with
highest over- 35  by-product formation. In general, temperatures  all yield
of the mixed product.                100     of from  about 0 to about 60
C. are pre-    When the selected starting material does not     ferred.
Within this range a temperature of  include an 11a-chloro substituent, the
most     from about 20 to 40[err] C. is particularly pre-  convenient  way
of  determining  optimum     ferred.
poison: catalyst ratio is similar to that just 40    Noble metal catalysts
employed in the pre-  described. The ratio of poison to noble metal 105
sent invention include platinum, palladium,  is gradually  increased  until
unreduced  6-      rhodium  and ruthenium, either of the sup-
methylenetetracycline starting compound first      ported or non-supported
type, as well as the   appears in the final reaction mixture. When
known catalytic compounds thereof such as  this occurs, the ratio of poison
to catalyst is 



45  oxides, chlorides, etc. Examples of suitable  reduced slightly for
optimum results.            110      catalyst supports include carbon,
silica, alumina  The tetracycline compounds to  be reduced      and barium
sulfate. Examples of preferred   may be in amphoteric form or in the form
of      catalysts are 5%  palladium-on-carbon, 5%   polyvalent metal salt
complexes, or pharma-      palladium-on-barium  sulfate, 5%  palladium-
ceutically-acceptable or pharmaceutically-un- 50  on - alumina, 5%
palladium  - on - barium   acceptable acid addition salts of the com-  115
carbonate, 5%  rhodium - on- carbon and 5%    pounds. Among the
pharmaceutically-accept-      rhodium  - on - alumina catalysts. The ex-
able salts are those of mineral acids including      pression "catalytic
amount" as used herein is  hydrochloric, hydriodic, hydrobromic, phos-
well understood by those skilled in the art  phoric, metaphosphoric, nitric
and  sulfuric 55  of known  tetracycline  hydrogenations  and   acids. Also
included are salts of organic acids  120      typical amounts are
illustrated by the examples  such as tartaric, acetic, citric, malic,
benzoic,      appearing hereinafter. Best results are usually  glycollic,
gluconic, gulonic, succinic, aryl-      achieved with from  about 0.1 to 2
parts by  sulfonic, e.g., p-toluenesulfonic  and  sulfo-      weight of
catalyst, dry basis, per part of sub-  salicylic acids. The
pharmaceutically-unaccept- 60  strate, although higher or lower ratios are
also  able acid addition salts include those of hydro-  125      employed
successfully. Typically, an equal  fluoric acid and perchloric acids.
weight of catalyst and tetracycline compound     The a - 6 - deoxy - 5 -
oxytetracycline and      may be used.                                   a -
6 - deoxytetracycline products may be        The pressure employed during
hydrogena-  recovered as amphoteric compounds or as salts 65  tion may
range from sub-atmospheric to 2,000  of any of the above-described acids,
by methods  130
1,195,456                                           4     familiar to those
skilled in the art.        ance with the following procedure. To 200
By the abbreviation p.s.i. used herein is  ml. of methanol in a Parr
shaker, the indicated     meant pounds per square inch gauge pressure.
amount of poison was added. To this was       The foregoing description of
the present in-  added 2.0 g. of 50%-water-wet (50%  volatile  50 5
vention and the examples appearing herein-  by test) 5%
palladium-on-charcoal. The re-     after are for the purpose of
illustrating the  sulting mixture was stirred for 15 minutes     present
invention and are not limiting to the  and 1.0 g. of
11a-chloro-6-deoxy-6-demethyl-     scope thereof, which is set forth in the
claims.  6-methylene-5-oxytetracycline-p-toluenesulfon-
ate was added. After an additional 3 minutes' 55
EXAMPLE 1                     stirring, the mixture was hydrogenated for I
10       Preparation of Quinoline-Sulfur         hour at a pressure of 40
psi. Following hydro-       Thirty grams of synthetic quinoline, b.p.
genation, the reaction mixture was filtered and     105-107[err] C. at 11
mm Hg, and five grams  the catalyst cake washed five times with 50 ml.
of sublimed sulfur were refluxed for 5 hours  portions of methanol. The
filtrate and washings  60     at a temperature of 220-230[err] C. and the
re-  were combined, concentrated and then diluted 15  sulting product was
cooled in an ice bath. To  to 100 ml. in a volumetric flask for assay.
this was added 350 ml. of distilled dry xylene.    The yield of
[err]-6-deoxy-5-oxytetracycline     After standing for 1/2 hour the mixture
was  was determined by quantitative papergram     filtered by gravity. The
resulting filtrate is  assay with an accuracy of about [err]  1.4%.  65
referred to hereinafter as "poison-N", an abbre-  Thus, when the tabulation
below  reports a 20  viated  designation  for "normal quinoline-  yield of
[err]-isomer of 43%, the actual yield is     sulfur". In these instances
where the poison-N   between 41.6 and 44.4%, based on the tetra-
deposited a small amount of precipitate on  cycline compound charged.
standing, clear supernatent solution was em-    The yield of the
corresponding [err]-isomer was  70     ployed.
determined by visual papergram assay. When 25    A crystalline material may
be isolated from  the reported percent yield of [err]-isomer is of     the
quinoline-sulfur preparation, prior to the  the order of 12-18%, this
method of deter-     addition of xylene, by direct filtration or by
mination has an accuracy of about [err]  15-     addition of methanol
followed by filtration.  20%  . Thus, when the yield of [err]-isomer is  75
Whereas this crystalline poison also enhances  reported as 15%  the actual
yield is between 30  the ratio of [err]- to [err] -isomer, yields of isomer
12-18%. At lower reported [err] -yields, e.g.,     mixture are lower than
those achieved with  4-7%, this method of determination has an
poison-N.                                     accuracy of about  30%. For
example, when       The  quinoline-sulfur  product  described  the reported
[err]-isomer yield is 4.5%, the actual  80     above, prior to xylene
addition, was also dilut-  yield of the [err] -isomer is between 3 and 6%. 



35  ed with 100 ml. of methanol and stirred over-    In Examples 6-11
wherein it is stated     night. This mixture was filtered and the re-
"catalyst poisoned, then washed", the follow-     covered solids were
washed with methanol. The  ing  procedure  was employed. The  stated
filtrate and washings were combined and dilut-  amount of 50%-water-wet 5%
palladium-on-  85     ed to 140 ml. with methanol. This solution  charcoal
was poisoned  with the  specified 40  was also used as a poison in several
experi-  amount of poison, then filtered, then washed     ments reported
below and is designated therein  twice with 25 ml. portions of 50%  aqueous
as "poison-F", an abbreviation  for "fraction-  methanol. Excess solvent
was removed from     ated poison ".                                the
catalyst and the still-wet catalyst was  90
transferred into 200 ml. of methanol in the                   EXAMPLES 2-15
Parr shaker. The substrate (1.0 g.) was added 45    Absent stated
conditions to the contrary,  and the experiment was continued as described
Examples 2-15 were carried out in accord-  above.         5
1,195,456                                          5
Total     Example                                 Yield       % Yield
Yield       Ratio       No.       Conditions                 [err]-isomer
[err]-isomer      [err] and [err]       [err]          2       No poison
11            19            30           0.6          3       Poison-N,
0.25 ml.            44            7.3           51           6.0          4
Poison-N, 0.375 ml.           46             8            54           5.8
5       Poison-N, 0.45 ml.           46             7.3           53
6.3          6       Poison-N, 0.38 ml.,           24            16
40            1.5                 Catalyst poisoned,                 then
washed          7       Poison-N, 0.45 ml.,           45            4.5
50          10                 Catalyst poisoned, then
washed          8       Poison-N, 0.5 ml.,            41            9
50           4.5                 Catalyst poisoned, then
washed          9       Poison-N, 0.75 ml.,    (Produced
6-deoxv-6-demethyl-6-methylene-5-oxy-                 Catalyst poisoned,
then        tetracycline in product.)                 washed         10
Same as Ex. 7 but 1          40             3.6           44          11
atm. pressure         11       Same as Ex. 10 but           41
6             47           6.8                 1.50 g. catalyst and
0.34 ml. Poison-N         12       Poison-F, 2.5 ml.            43
15             58           2.9         13       Poison-F, 4.0 ml.
48            13             61           3.7         14       Poison-F,
4.5 ml.             48           12             60           4.0 



15       1.0 g. 6-deoxy-6-             37            12            49
3.0                 demethyl-6-methylene                 5-oxytetracycline
hydrochloride as sub-                 strate. Poison-F,                 4.5
ml.                    EXAMPLES 16-22                  10.0 g. of 6 - deoxy
- 6 - demethyl - 6 -methyl-  15       Examples 16-22 were carried out  as
cne - 5 - oxytetracycline - p - toluene sulfon-     follows unless
otherwise indicated. To a solu-  ate was added and the mixture was stirred
for 5  tion of 4.5 ml. of poison-N in 200 ml. of  3 minutes. This slurry
was then hydrogenated     methanol, 20.0 g. of 5%,  palladium-on-char-  for
1 hour. The reaction mixture was then     coal (50% water-wet) was added.
The mixture  filtered through Super-cel (Registered Trade  20     was
stirred for 15 minutes and then filtered.  Mark) infusorial earth  and the
cake was     The catalyst was washed four times with 50  washed six times
with 100 ml. portions of 10  ml. portions of methanol followed by two 50
methanol. The filtrate and washings were com-     ml. water washings.
Excess water was re-  bined and evaporated to a yellow-orange foam.
moved from  the cake and the catalyst  was  The foam was dissolved in
methanol, diluted  25     transferred into a Parr shaker. After the addi-
to 50 ml. in a volumetric flask and a 5 ml.     tion of 100 ml. of methanol
to the catalyst,  aliquot was removed  for chromatographic         6
1,195,456                                           6      analysis. The
residual 45 ml. of solution was  netically. To this solution was added 20.0
g. of     transferred to an Erlenmeyer flask and 13.5  5%
palladium-on-charcoal (50%-water-wet)     g. of sulfosalicylic acid was
added followed  and the mixture was stirred 15 minutes. The  15     by 50
ml. of water. After being stirred over-  10.0 g. of substrate was then
added, and the 5  night, the mixture was filtered and the cake  mixture was
stirred an additional 3 minutes     washed  well with  1: 1  methanol:
water,  and then hydrogenated. Recovery was the same     followed by
acetone and then ether. The crude  as described above. In the case of
Example     [err]-6-deoxy-5-oxytetracycline    sulfosalicylate  21 the
procedure was the same as in Example  20     was air-dried.
20 except that the catalyst was washed with 10   In the case of Example 20,
the poison (4.5  dimethyl formamide prior to the introduction     ml. of
poison-N) was added to 100 ml. of  into the Parr shaker.     methanol in
the Parr shaker and stirred mag-
Total     Example                                 %  Yield       % Yield
Yield               Ratio        No.       Conditions
[err]-isomer      [err]-isomer  [err] and [err]    [err]         16       3
psi pressure                 39            6              45          6.5
17       40 psi pressure                42            7.3            49
5.7         18       Same as Ex. 16 except       38               6
44          6.3                  200 ml. methanol                  added to
the catalyst         19       Same as Ex. 16 except       42
7.3            49          5.8                  3.6 ml. Poison-N and
16.0 g. catalyst                  employed         20        Same as Ex. 17
except         48            7.3            55           6.5 



did not filter and wash                  catalyst after poisoning
21        Same as Ex. 20 but            46            6              52
7.7                  washed catalyst with DMF                  prior to
poisoning         22       Same as Ex. 20 but             46
7.3           53           6.2                  at 3 psi   25
EXAMPLE 23                     final products demonstrated that in the
absence       2.0 Grams 5%  palladium-on-alumina and  of poison a ratio of
[err]: [err]  isomer of about 0.2  45     1 ml. of poison-N were combined
in 200 ml.  was obtained, with extensive decomposition;     methanol. After
3 minutes' stirring, 2.0 grams  whereas with poison the [err]: [err] ratio
obtained     of 11a - chloro - 6 - deoxy - 6 - demethyl-  was about 2, with
very little decomposition. 30  6 - merhylene - 5 - oxytetracycline - p -
The presence of some 6 - deoxy - 6 - demethyl-     toluenesulfonate was
added and the mixture  6 - methylene - 5 - oxytetracycline in the  50
was hydrogenated for one hour at about 40 psi.  latter product indicated
that slightly more than     The reaction mixture was next filtered with
the optimum poison level was employed.     diatomaceous earth filter aid
and the catalyst 35  cake washed with methanol. The filtrate and
EXAMPLE 24     wash were then  combined and evaporated to    The
experiments of Example 23 were re-     dryness, and the dry solid was
crystallized as  peated, substituting 5% rhodium-on-carbon for  55
before to yield 1.815 g. of product as the sulfo-  the palladium catalyst.
An [err]: [err] isomer ratio of     salicylate salt.
about 0.3 was obtained without poison, and a 10   This experiment was
repeated, omitting the  ratio of about 2 with poison. The yield of
catalyst poison, and 1.11 g. of sulfosalicylate  crystalline product from
the poisoned hydro-     salt recovered.
genation was 0.99 g.; the product of the  60       Paper chromatography of
these filtrates and  control run was not recovered.         7
1,195,456                                          7
EXAMPLE 25                                    EXAMPLE 29       The
experiments of Example 23 were again    2.0 Grams 5% palladium-on-carbon
(50%)     repeated, this time substituting 5% rhodium-  was slurried in 100
ml. dimethyl formamide     on-alumina for the catalyst, and also reducing
(DMF) for 15 minutes, then filtered and     the poison level to 0.5 ml. The
resulting ratio  washed with 100 ml. of fresh DMF. The thus-  65     of
[err]:[err]  isomers was about 0.2 without poison  treated catalyst was
next transferred to a solu-     and about 1 with poison. The yield of
crystal-  tion of 0.225 ml. poison-N in 100 ml. DMF     line product from
the poisoned hydrogenation  and stirred 15 minutes. 1.0 G. of 11a-chloro-
was 1.51 g.; the product of the control run  6 - deoxy - 6 - demethyl - 6 -
methylene - 5- 10  was not recovered.
oxytetracycline - p - toluenesulfonate  was  70
added and the mixture was hydrogenated for                     EXAMPLE 26
an hour at room temperature and 40 psi. The       6.25 G. of dry 5%
unreduced palladium-  reaction mixture was filtered and the cake
on-barium sulfate was  combined with 1.5 ml.  washed with five 50 ml.
portions of methanol.     poison-N in 50 ml. methanol and 5.0 g. 11a-  The
combined filtrate and wash, diluted to a  75 15  Chloro-6-deoxy - demethyl
- 6 - methylene-  concentration of about 1 mg. solute per ml.,     5 -
oxytetracycline - p - toluenesulfonate was  was subjected to paper
chromatography and     added. Hydrogenation as in the foregoing ex-  the
ratio of [err] to [err]-6-deoxy-oxytetracycline     amples provided a 47.5%
yield of [err]-6-deoxy-  found to be about 10.     oxytetracycline with an
[err]:[err]  ratio of about 5.    When the procedure was repeated without
80 20  Without poison the ratio was about 1.      poison the ratio was
found to be 0.1, with
extensive decomposition detected.                     EXAMPLE 27
A series of experiments was then conducted        10.0 Grams 5%
palladium-on-carbon (50%   employing poisoned palladium-on-carbon with 



wet) and 1.875 ml. of poison-N were com-  other solvents, and results were
as follows:  85     bined in 200 ml. methanol and cooled to -75 25  C. in a
Dry Ice-acetone bath. Then 5.0 g. of   Solvent           [err]:[err] isomer
ratio     11a - chloro - 6 - deoxy - 6 - demethyl - 6-
methylenetetracycline hydrochloride was added  acetonitrile             4
and the mixture was removed from the cooling   acetic acid              4
bath and hydrogenated at about 40 psi for 2    ethanol
3 30  hours. The reaction mixture was then filtered  ethylene glycol
monoethyl              90     and the catalyst cake washed with methanol.
ether                       5     The combined filtrate and wash were
evapor-     ated to a solid residue and this was dissolved
EXAMPLE 30     in 60 ml. methanol and treated with 60 ml.   In a
high-pressure experiment, 80 g. of 5% 35  1.5 N hydrochloric acid. After
stirring over-  palladium-on-carbon (50%   wet) was combined     night at
room temperature the resulting slurry  with 15.2 ml. poison-N in 400 ml.
methanol.  95     was filtered and the cake washed with 1:1   Next 40 g.
11a - chloro - 6 - deoxy - 6-     methanol:1.5 N hydrochloric acid and then
demethyl - 6 - methylene - 5 - oxytetracycline     with acetone and ether,
to obtain 2.33 g. of  was added and the mixture was hydrogenated 40
product in the form of a hydrochloride. Paper  at 1500 psi for 35 minutes.
A 47%  yield of     chromatography showed a ratio of [err] to [err]-6-
[err]-6-deoxy-oxytetracycline was recovered by  100     deoxytetracycline
of about 1, with little de-  the procedures previously described, with a
gradation.                                    ratio of [err] to
[err]-isomer of about 7.        In a repeat experiment without poison, an
Hydrogenation at sub-atmospheric pressure 45  [err]:[err] -isomer ratio of
about 0.2 was obtained,  (225 mm.) was also successfully tested with
with the presence of extensive degradation  poisoned catalyst, this time
the reaction pro- 105     product detected in the reaction mixture.
ceeding more slowly, but again with favorable
[err]: [err] ratios obtained.                     EXAMPLE 28        2.0
Grams 5% palladium-on-carbon (50%)                 EXAMPLE 31 50  and 0.4
ml. poison-N were combined in 50    To 20 grams of 50% water-wet, 5%
pallad-     ml. methanol and 1.0 g. 6-deoxy-6-demethyl-  ium-on-charcoal
catalyst was added a solu- 110     6-methylenetetracycline  was  added.
After  tion of 0.120 gram thiourea in 100 ml. meth-     hydrogenation for
an hour at room temperature  anol. The mixture was stirred for 5 minutes
and 40 psi pressure, the reaction mixture  and 10  grams of
11a-chloro-6-deoxv-6-de- 55  was filtered and the cake washed with meth-
methyl-6-methylene - 5 - oxytetracycline  p-     anol. Paper chromatography
showed a ratio of  toluenesulfonate added. After stirring for 5 115
[err] to [err]-6-deoxytetracycline of about 1. When  minutes more, the
mixture was added to a     the experiment was repeated without poison  Parr
shaker bottle and the system was purged     the ratio was found to be about
0.2. The pro-  with nitrogen. Hydrogen was then introduced 60  ducts were
not recovered.                     to a pressure of 50 psi. After one hour
the           8                                          1,195,456
8      reaction mixture was filtered and the cake  of  6-deoxy
5-oxytetracycline  represented     washed with 50 ml. methanol followed by
75  35.6%  conversion of the substrate. Ratio of  55     ml. water. To the
combined filtrate and wash,  [err]- to [err]-isomer was 7.3/1 in the
product and     less an assay sample, was added 100 ml. water  4/0.6 in the
filtrate. 5  and 10 grams sulfosalicylic acid. The mixture     was stirred
overnight and filtered, and the                     EXAMPLE 33     solid
product washed with methanol and dried.    Following the procedure of
Example 32,     It weighed 6.38 grams and assayed 53.6% [err]  but
replacing the N,N-di-tert. butyl-2-thiourea  60     plus [err]-isomer;
[err]-isomer content was 5.6%  .  with 300 mg. of
1,3-di-n-butyl-2-thiourea, 10  Yield  of [err]-6-deoxy-5-oxytetracycline
sulfo-  6.8 grams of dry product was obtained, having     salicylate
represented a 30.6%  conversion of  an [err] - plus [err]-isomer content of
60.0%. The     the substrate.                                 [err]-isomer
content was 7%. The yield of a-       As determined by paper
chromatography,  isomer  of 6-deoxy-5-oxytetracycline  sulfo-  65     the
ratio of [err]- to [err]-isomer in the filtrate  salicylate represented
36.4%   conversion of the 15  sample was 4:0.7. The assay procedure is as
substrate. The ratio of [err]/[err]  isomer was 7.6/1 



follows: A diluted sample of the filtrate is  in the product and 3/0.5 in
the filtrate.     applied to Whatman No. 4 chromatographic     paper
impregnated with Mcllvaine pH  4.2                        EXAMPLE 34
buffer and blotted. The chromatogram  is de-    A Parr shaker bottle
containing 20 grams  70 20  veloped (with a solvent system consisting of
of a 50%  water-wet, 5%  palladium-on-char-     40 parts ethyl acetate, 25
parts nitromethane  coal catalyst and 100 ml. of methanol was     and 2
parts chloroform by volume), dried and  pressured with carbon monoxide and
shaken     detected by exposure to ammonia vapor. In-  until the gauge
reading dropped from 10 to 9     tensities of the [err]-isomer,
[err]-isomer and reactant  pounds. To the bottle was added 10 grams  75 25
bands are compared to the intensities of bands  11a - chloro - 6 - deoxy -
6 - demethyl - 6-     prepared from  standard solutions under 366
methylene - 5 - oxytetracycline p-toluenesul-     m[err] light. Since the
[err]-isomer salt is more  fonate. This mixture was shaken for 5 minutes
soluble than the [err]-isomer salt, a major part of  under nitrogen, and
hydrogen was then intro-     the fl-isomer remains in the filtrate and
there-  duced at 50 p.s.i. Reduction was continued  80 30  fore the ratio
of [err] to [err]-isomer in the final  until a negligible pressure drop
rate was ob-     product is higher than the ratio in the filtrate.   served
(about 90 minutes). The mixture was        The content of [err]- plus
[err]-deoxy isomer as  then filtered, and the cake washed with 50 ml.     a
percentage of the final product  is determined   methanol and 75 ml. water.
To the combined     by spectrophotometric analysis employing the  filtrate
and wash was added 100 ml. water  85 35  formula
and 10 grams sulfosalicyclic acid. The mixture
was stirred overnight and the salt which separ-                      OD418
ated was filtered off, washed with methanol
and dried, yielding 6.19 grams of product.              [O.D. [err]-7.95] x
D.F x 10[err]            Spectrophotomeric assay showed an [err]-plus
[err]-  90                                                      isomer
content of 52.9% with a  [err]-isomer con-                  218 x L x W
tent of 7% . Conversion of substrate to a-6-
deoxy - 5 - oxytetracycline sulfosalicylate was     where OD is optical
density in 0.01N meth-  28.4% . The ratio of [err]- to [err]-isomer was
3.5/1     anolic HC1  at the indicated wavelength    in the filtrate and
6.6/1 in the product.    95         DF is dilution factor, i.e. volume in
ml in 40           which sample is dissolved
EXAMPLE 35          L is cell length in cm.                       When the
procedure of Example 31 is re-          W is sample weight in mg.
peated substituting for thiourea: tetramethyl-
thiourea, carbon disulfide, potassium ethyl        The [err]-isomer content
of the final product is  xanthate,   1-phenyl-2-thiourea,   1-ethyl-1- 100
determined by paper chromatography as pre-  (1-naphthvl)-2-thiourea,
1-p-hydroxyphenyl-2- 45  viously described.
thiourea. beta - isothioureidopropionic acid, 2-
imidazolidinethione,   isoquinoline - sulfur,                      EXAMPLE
32                     quinaldine - sulfur, 4 - methylquinoline-sulfur,
Following the procedure of Example 31 but  1.3 - diethyl - 2 - thiourea, 2
- mercapto- 105     substituting 300 mg. of NN-di-tert. butyl-2-  pyridine.
L - cystine or N,N - diethyl - 2-     thiourea for 0.120 gram thiourea and
stirring  thiourea. high yields of [err]-6-deoxv-5-oxytetra- 50  for 15
minutes before and after introduction  cycline are obtained.      of the
substrate, 6.85 grams of product was    Similar results are obtained when
6-deoxy-      obtained, assaying 58.8%  [err]- plus[err]-isomer; the  6 -
demethyl - 6 - methylenetetracycline is 110      [err]-isomer content was
7.0%  Yield of [err]-isomer  reduced to [err]-6-deoxytetracycline.
9                                         1,195,456
9                      EXAMPLE 36                    grams sulfosalicyclic
acid. The resulting slurry        To 5.0 grams of 50% water-wet, 5% pallad-
was stirred for 6 hours at room temperature,     ium-on-charcoal catalyst
was added 100 cc  filtered, washed with a 2:1 by volume water:     of a
solvent mixture prepared by diluting 700  dimethylacetamide, and finally
with water. The 5  cc of dimethylacetamide to 1000 cc with water.  product,
dried at 40[err] C. for 8 hours, repre-  25 -   The catalyst-solvent
mixture was stirred 1-2   sented a 48.2%  conversion of substrate to [err]-
minutes and 0.75 cc of normal quinoline-sulfur  6 - deoxy - 5 -
oxytetracycline sulfosalicylate     was added. The mixture was stirred for
15  salt. The ratio of a-isomer to [err]-isomer was     minutes, 10 grams
of 11a - chloro - 6 - deoxy-  4.5: 1 in the filtrate. 



10  6 - demethyl - 6 - methylene - 5 - oxytetra-    High yields of the
[err]-isomer are similarly  30     cycline p - toluenesulfonate was added,
and  obtained when methyl ethyl ketone is substi-     stirring was
continued for an additional 15  tuted for dimethylacetamide in the solvent/
minutes. Reduction then followed in a Parr  water mixture.     apparatus at
50 p.s.i. initial hydrogen pres- 15 sure until the pressure drop rate
reached     0.01-0.02 psi per minute. Following hydro-
EXAMPLE 37-62     genation, the reaction mixture was filtered and  When the
procedure of Example 36 was  35     the filter cake washed with 50 cc of
the aqueous  repeated, substituting the listed solvents for     solvent
and then with 75 cc water. To the  the 70/30 RMAc/H[err]O solvent, the
indicated 20  combined  filtrate and wash were added 10  results were
realized.         10                                    1,195,456
10                                       EXAMPLE 37 - 62         When the
procedure of Example 36 was repeated, substituting the listed solvents for
the    70/30 DMAc/H[err]O solvent, the indicated results were realized.
Conversion    Ratio of [err]/[err]-isomer
Solvent              to [err]-isomer     in the      Example
(vol./vol.)                 (%)             Filtrate          37      80/20
DMAc/H[err]O                     41.4            >6:0.6          38
60/40 DMAc/H[err]O                     51.1           >6:0.6          39
40/60 DMAc/H[err]O                     51.0              5:0.8          40
20/80 DMAc/H[err]O                   <47.6              4:1.2          41
80/20 acetone/H[err]O                  44.9               -          42
70/30 acetone/H[err]O                  48.4          43       60/40
acetone/H[err]O                  45.4              -          44
40/60 acetone/H[err]O                  51.4             4:1          45
20/80 acetone/H[err]O                 42.1              3:1.5          46
10/90 acetone/H[err]O                   -               2.5:1.5          47
70/30 N-methyl-2-pyrrolidone/H[err]O     59             6:0.7          48
70/30 Dimethylformamide/H[err]O        53               5:0.6          49
70/30 N-methylformamide/H[err]O        52.5               -          50
70/30 N-butylformamide/H[err]O         47.0               -          51
70/30 N-methyl-N-acetylformamide/    45.3             -
H20         52      70/30 N-methylacetamide/H[err]O         53.4
-          53       70/30 N,N-diethylacetoacetamide/     43.4
- 



H20          54       70/30 Formamide/H[err]O                42.4
6:1          55       70/30 Ethylene glycol/H[err]O        <41.3
5:1.5          56       70/30 Tetrahydrofuran/H[err]O          44.8
5:0.7          57       70/30 Tetramethylurea/H[err]O          58
5:0.7          28       70/30 Acetonitrile/H[err]O             46.4
6:0.7          59       70/30 2-ethoxyethanol/H[err]O          54
6:0.7          60       70/30 Propylene glycol/H[err]O       <41.5
5:1          61       70/30 Dioxane/H[err]O                  47.5
5:1          62       70/30 Methyl l-methyl-2-               48
5:1                    pyrrolidone-4-carboxylate/H[err]O        11
1,195,456                                               11
EXAMPLE 63                     36, 20 grams of 50 %  water-wet, 5%
pallad-       A Parr shaker bottle was charged with 20  ium-on-charcoal
catalyst was combined with     grams of a 50%  water-wet, 5%  palladium
-on-  100 ml. of 70/30 vol./vol. acetone/water sol-  65     charcoal
catalyst and 100 cc of a 70/30, vol./  vent and 4.5 ml. of
7,8-oenzoquinolinesulfur     vol., acetone/water solvent. The mixture was
poison.  The mixture was stirred for 15 minutes  agitated for 15 minutes
and 3 cc of quinoline-  both before and after the addition of 10     sulfur
added.  The poisoned mixture was stirred  grams of 11a - chloro - 6 - deoxy
- 6 - de-     for an additional 15 minutes and 10 grams of  methyl - 6 -
methylene - 5 - oxytetracyciine  70     11a - chloro - 6 - deoxy - 6 -
demethyl - 6-  p - toluenesulfonate. The mixture was hydro- 10  methylene -
5 - oxytetracycline p-toluenesul-  genated in a Parr apparatus, after
purging     fonate was added. After 15 minutes additional  with nitrogen,
at 50 p.s.i. for about 1 hour. The     agitation, the bottle was purged
with nitrogen,  mixture was then filtered and the cake washed     and 50
psi. hydrogen pressure applied. When  with 50 ml. acetone and 75 ml. water.
To  75     the hydrogen uptake was brought to 0.03 psi  the combined
filtrate and wash was added 100 15  per minute, the bottle was purged with
nitrogen  cc water and 10 grams sulfosalicylic acid. The     and the
ingredients filtered. The filter cake  mixture was stirred overnight, and
the resulting     was washed with 50 cc of 70/30 acetone/  salt was
filtered from solution, washed with     water solvent followed by 75 cc
water. To  methanol and dried, yielding 6.8 grams. The  80     the combined
filtrate and wash was added 10  salt assayed 68.8%  [err]- plus
[err]-isomer, with a 20  grams of sulfosalicyclic acid. The mixture was
[err]-isomer content of 7%  . The yield of [err]-isomer     stirred at room
temperature for 8 hours,  of 6 - deoxy - 5 - oxytetracycline sulfosalicyl-
filtered, washed with 50/50 acetone/water,  ate represented 42%
conversion of substrate.     water and acetone. The dried product weighed
6.61 grams and assayed 68.8%  [err]-isomer of                  EXAMPLE 67
85 25  6-deoxy-5-oxytetracycline sulfosalicylate. The    The procedure of
Example 66 was repeated     filtrate had an [err]/[err]-isomer ratio of
4/0.5.  substituting 120 mg thiourea for the 4.5 ml.
of 7,8-benzoquinoline-sulfur, and hydrogenat-                      EXAMPLE
64                     ing at 50 p.s.i.  for 45 minutes. The dried pro-
The procedure of Example 63 was repeated,  duct weighed 6.05 grams,
assaying 57.4%  [err]  90     substituting for the 70/30 acetone/water sol-
plus [err]-isomer; [err]-isomer content was 4%. The 30  vent, 100 cc of
70/30 vol./vol. dimethylacet-  yield of the a-isomer represented 32.3% con-
amide/water; using 40 grams of the p-toluene-  version of the substrate.
sulfonate substrate; washing the product from     the catalyst with 1/2
vol./vol. dimethylacet-              EXAMPLE 68     amide/H[err]O; adding
40 grams of sulfosalicyclic    The procedure of Example 66 was repeated  95
35  acid; and washing the sulfosalicylate salt with  replacing the
7,8-benzoquinoline-sulfur with 



a 1/2 vol./vol. DMAc/water wash. The dried  carbon monoxide. The mixture of
catalyst and     product weighed 23.51 grams and assayed  solvent was
shaken in a bottle pressurized to     93.6%  a-isomer of
6-deoxy-5-oxytetracycline  10 p.s.i. with carbon monoxide until a pressure
sulfosalicylate, with an [err]/[err]-isomer ratio of  drop of 5 p.s.i. was
observed on the gauge. 100 40  5.5/0.7 in the filtrate.
The bottle was then evacuated and 10 grams
of the p-toluenesulfonate salt was added. The                      EXAMPLE
65                     mixture was shaken for 5 minutes, purged with
The procedure of Example 63 was repeated  nitrogen and hydrogenated for 70
minutes. The     except that the catalyst was stirred with the  dried
product weighed 6.45 grams and assayed  105     70/30 vol./vol.
acetone/water solvent for only  75.3%  [err]- plus [err]-isomer; the [err]
-isomer assay 45  1 1/2 minutes before the quinoline-sulfur  was 4.2%. The
yield of the a-isomer of the     poison was added.  The dried product
weighed  sulfosalicylate  salt  of  6-deoxy-5-oxytetra-     6.58 grams and
assayed 64.2% a-isomer of 6-  cycline represented 45.9%  conversion of sub-
deoxy-5-oxytetracycline sulfosalicylate, with an  strate.
110     [err]/[err]-isomer ratio of 3.5/0.5 in the filtrate.
EXAMPLE 69                                                       The
procedure of Example 66 was repeated, 50                   EXAMPLE 66
substituting 5 grams of catalyst for the 20     A.
7,8-Benzoquinoline--Sulfur                  grams, 100 ml. of 70/30
vol./vol. dimethyl-       To a 500  ml. round-bottom, 3-neck flask
acetamide/water for the acetone/water solvent 115     was added 13.87 grams
7,8-benzoquinolin and  and 50 mg. of 1 - phenyl - 3 - (2 - hydroxy-
1.665 grams sulfur. The mixture was heated  ethyl)thiourea for the 7,8 -
benzoquinoline- 55  until a solution was obtained and then main-  sulfur
poison. Hydrogenation was begun at 50     tained at 230[err] C. for 5
hours. The mixture  p.s.i. and continued for about 1 hour. The     was
slowly cooled to room temperature and  dried product weighed 7.0 grams and
assayed  120     then refrigerated  for three days before addi-  78.8%
[err]- plus [err]-isomer; the [err] -isomer content     tion of 116.5 ml.
of xylene. The solution was  was 0.7%. The yield of the [err]-isomer of the
60  filtered twice with filter aid to obtain a clear  sulfosalicylate salt
of 6-deoxy-5-oxytetracycline     solution.
represented 54.7% conversion of substrate. The        B. Following the
procedure of Example  ratio of [err]/[err]-isomer in the filtrate was
5/0.4. 125                              EXAMPLE 70                     1 -
phenyl - 3 - (2 - hydroxyethyl) - 2 - thi-       The procedure of Example
69 was repeated,  ourea, 1 - phenyl - 2 - thiourea, 1 - ethyl - 1-
substituting 50 mg. of 1 - phenyl - 3 - di-  (I - naphthyl) - 2 - thiourea,
1- p -hydroxy-  55     (2 - hydroxyethyl)thiourea for the 1 - phenyl-
phenyl - 2 - thiourea, beta - isothioureido- 5  3 - (2 - hydroxyethyl) -
thiourea poison. The  propionic acid, 2 - imidazolidinethione, iso-
dried product weighed 5.65 grams and assayed  quinoline-sulfur,
quinaldine-sulfur, 4-methyl-     81.4% [err]- plus, [err]-isomer; the
[err]-isomer content  quinoline-sulfur, 1,3-diethyl-2-thiourea, N,N-
was 1.4%  The yield of the [err]-isomer of the  diethyl - 2 - thiourea,
carbondisulfide, 2-mer-  60     sulfosalicylate salt of 6 - deoxy - 5 -
oxytetra-  captopyridine or L-cystine. 10  cycline represented 45.2%
conversion of sub-    4. A process according to any preceding     strate.
The ratio of [err]-/[err]-isomer in the filtrate  claim, in which the said
hydrogen is at a pres-     was 4/0.4.
sure of  from 100 mm. to 2,000 p.s.i.                     EXAMPLE 71
5. A process according to claim 4, in which  65       The procedure of
Example 68 was repeated,  the pressure is from 1 atmosphere to 70 p.s.i. 15
substituting for the acetone/water solvent, 100     6. A process according
to any preceding     ml. of a 70/30 vol./vol. dimethylacetamide/  claim, in
which the hydrogenation is effected     water mixture and adding carbon
monoxide for  at a temperature from 0 to 60[err] C.     10 minutes.
Hydrogenation was begun at 50      7. A process according to claim 6, in
which  70     p.s.i. and continued until the rate of pressure  the
temperature is 20 to 40[err] C. 20  drop reached 0.01 psi per minute. The
dried    8. A process according to any preceding     product weighed  4.01
grams and  assayed  claim, in which the said tetracycline compound
78.5%  [err]- plus [err]-isomer; the [err]-isomer content  is 1la - chloro
- 6 - deoxy - 6 - demethyl-     was 10%. The yield of the [err]-isomer of
the  6 - methylene - 5 - oxytetracycline p - toluene-  75
sulfosalicylatc salt of 6-deoxy-5-oxytetracycline  sulfonate. 25
represented 27.4% conversion of substrate. The   9. A process according to
claim 8, in which     ratio of [err]-/[err]-isomer was 7/1 in the product
the poison is present in the reaction-inert 



and 3/1.5 in the filtrate,                    medium in an amount slightly
less than that                                                    required
to produce detectable quantities of  80       WHAT WE CLAIM IS: -
6 - deoxy - 6 - demethyl - 6 - methylene - 5-       1. A process for the
production of a 6-  oxytetracycline. 30  deoxytetracycline by the
hydrogenation of a    10. A process according to claim 9, in which
tetracycline compound having the formula:   the said poison is
quinoline-sulfur, the said
noble metal catalyst is palladium-on-charcoal,  85
the temperature is 20 to 40[err] C. and the                    pressure is
1 atmosphere to 70 p.s.i.
11. A process according to any preceding
claim, in which the said noble metal is platin-
um, palladium, rhodium or ruthenium.        90
12. A process according to claim 11, in which
the noble metal catalyst is 5%, palladium-on-                carbon, 5%
palladium-on-barium sulfate, 5%
palladium-on-alumina,  5 %    palladium-on-     or a acid addition salt or
a polyvalent metal  barium carbonate, 5% rhodium-on-carbon, 5%   95
salt complex thereof wherein                  rhodium-on-alumina. 35    R
is a hydrogen atom or a hydroxyl group     13. A process according to any
preceding       X is a hydrogen or chlorine atom compris-  claim, in which
the said reaction-inert medium     ing contacting with  hydrogen a
reaction-inert  is a solvent comprising acetone, N-methyl     medium
containing the said tetracycline com-  formamide, N,N-dimethyl formamide,
N- 100     pound and a poisoned noble metal catalyst, the  methyl
acetamide, NN-dimethyl acetamide, 40  poison being such as to lead to an
enhance-  N - methyl - 2 - pyrrolidone, methyl 1-methyl-     ment of the
ratio of [err]  - 6 - deoxytetracycline  2-pyrrolidone, 4-carboxylate or
tetramerhyl     to [err] - 6 - deoxytetracycline produced.    urea.
2. A process according to claim 1, in which  14. A process according to
claim  13, in  105     the said noble metal catalyst is poisoned with
which the said solvent contains 20 to 80% 45  quinoline-sulfur.
water.       3. A process according to claim  1, in which  15. A process
according to any one of the     the said noble metal catalyst is poisoned
with  preceding claims, in which an a-6-deoxytetra-     carbon  monoxide,
thiourea, tetramethylthi-  cycline is separated from  the 6-deoxytetra- 110
ourea, 7,8 - benzoquinoline-sulfur, 1,3-di-n-  cyclines produced, by
conventional means. 50  butyl-2-thiourea, N,N - di - tert - butyl - 2-
16. A process according to claim 1, substan-     thiourea, potassium ethyl
xanthate, 1 - phenyl-  tially as hereinbefore described with reference
3 - di - (2 - hydroxyethyl) - 2 - thiourea,  to any one of the foregoing
Examples.                                EXAMPLE 70                     1 -
phenyl - 3 - (2 - hydroxyethyl) - 2 - thi-       The procedure of Example
69 was repeated,  ourea, 1 - phenyl - 2 - thiourea, 1 - ethyl - 1-
substituting 50 mg. of 1 - phenyl - 3 - di-  (1 - naphthyl) - 2 - thiourea,
1 - p - hydroxy-  55     (2 - hydroxyethyl)thiourea for the 1 - phenyl-
phenyl - 2 - thiourea, beta - isothioureido- 5  3 - (2 - hydroxyethyl) -
thiourea poison. The  propionic acid, 2 - imidazolidinethione, iso-
dried product weighed 5.65 grams and assayed  quinoline-sulfur,
quinaldine-sulfur, 4-methyl-     81.4% [err]- plus [err] -isomer; the [err]
-isomer content  quinoline-sulfur, 1,3-diethyl-2-thiourea, NN-     was 1.4
%. The yield of the [err]-isomer of the  diethyl - 2 - thiourea,
carbondisulfide, 2-mer-  60     sulfosalicylate salt of 6 - deoxy - 5 -
oxytetra-  captopyridine or L-cystine. 10  cycline represented 45.2%
conversion of sub-    4. A process according to any preceding     strate.
The ratio of [err]-/[err]-isomer in the filtrate  claim, in which the said
hydrogen is at a pres-     was 4/0.4.
sure of from 100 mm. to 2,000 p.s.i.                     EXAMPLE 71
5. A process according to claim 4, in which  65       The procedure of
Example 68 was repeated,  the pressure is from 1 atmosphere to 70 p.s.i. 15
substituting for the acetone/water solvent, 100  6. A  process according to
any preceding     ml. of a 70/30 vol./vol. dimethylacetamide/  claim, in
which the hydrogenation is effected     water mixture and adding carbon
monoxide for  at a temperature from 0 to 60[err] C. 



10 minutes. Hydrogenation was begun at 50    7. A process according to
claim 6, in which  70     p.s.i. and continued until the rate of pressure
the temperature is 20 to 40[err] C 20  drop reached 0.01 psi per minute.
The dried    8. A process according to any preceding     product weighed
4.01  grams and  assayed  claim, in which the said tetracycline compound
78.5% [err]- plus [err]-isomer; the [err]-isomer content  is 11a - chloro -
6 - deoxy - 6 - demethyl-     was 10%  . The yield of the [err]-isomer of
the  6 - methylene - 5 - oxytetracycline p - toluene-  75
sulfosalicylate salt of 6-deoxy-5-oxytetracycline  sulfonate. 25
represented 27.4% conversion of substrate. The   9. A process according to
claim 8, in which     ratio of [err]-/[err]-isomer was 7/1 in the product
the poison is present in the reaction-inert     and 3/1.5 in the filtrate.
medium in an amount slightly less than that
required to produce detectable quantities of  80       WHAT WE CLAIM IS: -
6 - deoxy - 6 - demethyl - 6 - methylene - 5-       1. A process for the
production of a 6-  oxytetracycline. 30  deoxytetracycline by the
hydrogenation of a    10. A process according to claim 9, in which
tetracycline compound having the formula:    the said poison is
quinoline-sulfur, the said
noble metal catalyst is palladium-on-charcoal,  85
the temperature is 20 to 40[err] C. and the                    [err]
pressure is 1 atmosphere to 70 p.s.i.
11. A process according to any preceding
claim, in which the said noble metal is platin-
um, palladium, rhodium or ruthenium.        90
12. A process according to claim 11, in which
the noble metal catalyst is 5%  palladium-on-                carbon, 5%
palladium-on-barium sulfate, 5%
palladium-on-alumina,  5%    palladium-on-     or a acid addition salt or a
polyvalent metal  barium carbonate, 50% rhodium-on-carbon, 5%   95     salt
complex thereof wherein                  rhodium-on-alumina. 35    R is a
hydrogen atom or a hydroxyl group     13. A process according to any
preceding       X is a hydrogen or chlorine atom compris-  claim, in which
the said reaction-inert medium     ing contacting with hydrogen a
reaction-inert  is a solvent comprising acetone, N-methyl     medium
containing the said tetracycline com-  formamide, N,N-dimethyl formamide,
N- 100     pound and a poisoned noble metal catalyst, the  methyl
acetamide, NN-dimethyl acetamide, 40  poison being such as to lead to an
enhance-  N - methyl - 2 - pyrrolidone, methyl 1-methyl-     ment of the
ratio of [err] - 6 - deoxytetracycline  2-pyrrolidone, 4-carboxylate or
tetramethyl     to [err] - 6 - deoxytetracycline produced.    urea.
2. A process according to claim 1, in which  14. A process according to
claim  13, in  105     the said noble metal catalyst is poisoned with
which the said solvent contains 20 to 80% 45  quinoline-sulfur.
water.        3. A process according to claim 1, in which  15. A process
according to any one of the     the said noble metal catalyst is poisoned
with  preceding claims, in which an a-6-deoxytetra-     carbon  monoxide,
thiourea, tetramethylthi-  cycline is separated from  the 6-deoxytetra- 110
ourea, 7,8 - benzoquinoline-sulfur, 1,3-di-n-  cyclines produced, by
conventional means. 50  butyl-2-thiourea, N,N - di - tert - butyl - 2-
16. A process according to claim 1, substan-     thiourea, potassium ethyl
xanthate, 1 - phenyl-  tially as hereinbefore described with reference
3 - di - (2 - hydroxyethyl) - 2 - thiourea,  to any one of the foregoing
Examples.        13                                        1,195,456
13       17. A  6-deoxytetracycline when produced                MARKS &
CLERK,   by the process of any one of the preceding               Chartered
Patent Agents,   claims.
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