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NEW EXTRACTIVE PROCESS FOR THE RECOVERY OF
NATURALLY OCCURRING MACROLIDES

5 This invention relates to an extractive process for the recovery of naturally occurring
macrolides more particularly to a process for separating a naturally occuring neutral
macrolide, especially a tricyclic macrolide such as rapamycin, 32-desmethylrapamycin,
15-deoxorapamycin, or FK-506, from other naturally occuring components that are
obtained by fermentation processes. More specifically, this invention relates to a

10  process for recovering the tricyclic macrolide rapamycin from fermentation broth extract
concentrate and from mother liquor concentrate. |

The tricyclic macrolides exemplified by rapamycin and FK-506 have
immunosuppressant activity as well as antibiotic and other pharmacological activities
and are useful in treating graft and transplant rejections, diseases of inflammation, and

15 autoimmune diseases such as lupus, rheumatoid arthritis, diabetes mellitus and multiple
sclerosis.

The tricyclic macrolides rapamycin, 32-desmethylrapamycin, 15-deoxorapamycin
and FK-506 are produced by fermentation of various strains of Streptomyces under the
proper conditions and are neutral as there is no basic amino group, phenolic or

20  carboxylic acid groups present. Rapamycin is produced by culturing S. hygroscopicus
NRRL 5491 in an aqueous medium. Mycelia containing the tricyclic macrolide are
recovered from the growth medium and extracted with a organic solvent such as
methanol to obtain a mixture comprised of the desired tricyclic macrolide, related
compounds, acidic compounds such as fatty acids, basic compounds such as alkaloids

25  and peptides, and neutral lipophilic compounds such as fats. Typically, the fermentation
broth extract is concentrated to facilitate transportation and/or storage until the macrolide
can be isolated. Isolation and purification of the tricyclic macrolides from the
fermentation broth extract has been, prior to this invention, a laborious expensive process
employing various chemical and chromatographic techniques to obtain purified material.

30 [U.S. 5,001,389; U.S. 3,993,749; WO 93/11130; Sehgal, J. of Antibiotics

' 28(10)727(1975)]. The fermentation broth extract concentrate for rapamycin contains
only 5 to 15% rapamycin and up to about 50% acidic components, for example, and
rapamycin must be separated from the other cdmponents. Typically, processes for
recovery of the tricyclic macrolides from fermentation broth extracts involves ‘adsorption

35 on and desorption from activated carbon, selective solubility procedurés, and one or
more time consuming and expensive chromatographic procedures using column .
chromatography and/or high pressure liquid chromatogrﬁphy. Heretofore, acidic or basic
conditions have been avoided as tricyclic macrolides such as rapamycin are considered
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more specifically rapamycin, from fermentation broth extract concentrates and mother

liquors or concentrates thereof obtained from recrystallization solvents, triturations and
product washings and avoids the time consuming and expensive chromatographic
separations exemplified in U.S. 5,091,389; U.S. 3,993,749; WO 93/11130; and Sehgal,
15 J. of Antibiotics 28(10)727(1975).
Accordingly this invention provides a process for separating a macrolide from acidic,
basic and non-polar neutral impurities present in a macrolide containing solution which
comprises one or more of the following processes in any order:

20 a. asolution of said macrolide in a water-immiscible solvent is extracted with aqueous
base to substantially remove all acidic impurities;

b. a solution of said macrolide in a water-immiscible solvent is extracted with aqueous
acid to substantially remove all basic impurities;
25
c. a solution of said macrolide is subjected to one or more of the following in order to
remove non-polar neutral impurities:
(i) extraction with a non-aromatic hydrocarbon solvent in which the macrolide
is insoluble,
30 .
(ii) treatment with a sufficient quantity of a miscible macrolide non-solvent to
cause the macrolide to become insoluble in the resulting solvent mixture and
thus separate from the solutlon whereby the macrohde can be separated from
~ the solvent mixture,

(iii) triturate with a macrolide crystallizing solvent . /’//
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28(10) 727(1975)]. The fernentation broth extract concentrate for rapanycin
contains only 5 to 15% rapanycin and up to about 50% aci di ¢ conponents, for
exanpl e, and rapanycin nust be separated fromthe other conponentgHpP-93059
Typi cal ly, processes for recovery of the tr#cyclic macrol i des from
fernmentation broth extracts involves adsorption on and desorption from
activated carbon, selective solubility procedures, and one or nore tine
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acidic or basic conditions have been avoided as trjcyclic macrolides such
as rapanmycin are Inopag Aspest the process comprises separation” of the acidic and/or basic

components from the neutral components by dissolving the macrolide-containing
concentrate in a suitable water-immiscible solvent and extracting the acidic and/or basic -
5 components into aqueous base or acid respectively, and employing selective solubility or

extraction techniques to separate the neutral non-polar tricyclic macrolide from the non-
polar neutral materials present in the concentrate. While the process described herein is
particularly suited to concentrates of fermentation broth extracts or mother liquors, the
whole extract solution or mother liquor solutions can be used in the process of this

10 invention provided the solvent or solvent mixture used for the fermentation broth
extraction or recrystallization, trituration or washings is amenable to the process and the
volume of the solvent is not cumbersome. Solvent volume may be reduced by partial
concentration. Any of the solutions to which the process of this invention may be
applied may be referred to as a macrolide containing solution or concentrate.

15 The product obtained by said process can be purified to acceptable purity by
standard procedures known to those skilled in the art.

As used herein, a non-polar solvent is a non-aromatic hydrocarbon solvent such as
cyclohexane, cyclohexene, hexane, heptane, pentane and the like. Solvents which are
immiscible with the non-aromatic hydrocarbon solvent include but are not limited to

20  acetonitrile and dimethylformamide. The term extraction refers to the procedure of
thoroughly mixing one solution with another immiscible solution, allowing the
immiscible solutions to separate one from the other and physically removing one layer or
phase from the other, and repeating if required. The term wash when referring to a
solution refers to the extraction procedure and when referring to a solid, means to rinse

25  the solid with a solvent in which the solid is substantially insoluble. The term mother
liquor refers to the organic solvent solutions obtained from crystallization filtrates,
washings and back extractions of aqueous extracts and washings and triturations of
collected solids. A macrolide solvent is a solvent or solvent mixture which will dissolve
the macrolide and accompanying impurities such as the acidic or basic components. A

30 macrolide non-solvent is a solvent or solvent mixture in which the macrolide is
substantially insoluble but one in which neutral components such as fats are soluble. A
macrolide crystallizing solvent is a solvent or solvent mixture from which the macrolide
can be recrystallized or crystallized from an amorphous state upon trituration. Where the
process requires the concentration of a solution, it is preferred that the solvent or solvent

35 mixture have sufficient volatlhty so as to distill off under non-degradmg conditions of
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(ii) concentrated and the residue crystallized by admixture with a crystallizing
solvent or solvent mixture.
The water-immiscible solution containing the macrolide after extraction of acid
15 and/or base components may also be concentrated and the residue dissolved in a first
solvent and extracted with a second non-aromatic hydrocarbon solvent immiscible with
the first solvent and in which the macrolide is insoluble to remove the neutral non-polar

impurities.
A preferred process of this invention is outlined in the Scheme 1 below:
20
Scheme 1.
acidic
components
Tricyclic macrolide crude b S
concentrate dissolved in Aq( a}:e > Incyc];;:d
water-immiscible solvent aq. acl non-polar macrofde
lipophilic
' basic solvent
components
non-polar
neutrals

According to the process, the concentrate containing the macrolide, whether from
fermentation broth extract concentrate or concentrates from recrystallization and/or wash

25  solvents, is dissolved in a water-immiscible solvent or solvent mixture selected for
ability to dissolve the concentrate and ease of removal, including but not limited to
dichloromethane, t-butyl methyl ether, ethyl acetate, toluene, 1-butanol, an ethyl
acetate/toluene mixture, a heptane/ethyl acetate mixture, or a hexane/methylene chloride



conprises in any order extraction step (a) and optionally one or both of
steps (b) and (c) as follows: a. a solution of said concentrate in a

wat er-i mm sci ble solvent is extracted at a tenperature from akﬁg:?gosg
-5[err]C to about 45[err]C with aqueous base to substantially T

all acidic inpurities; b. a solution of $aid concentrate in a

wat er-i mm sci bl e solvent is extracted at a tenperature from about

-5[err]C to about 45[err]C with agueous acid to substantially renove
all basic inmpurjties;

one or nore ofMXHEES &qpewswgf%:?ﬂg I"?g%‘gii’é‘glal ey or HE'T t i S%Bsdlij'#ﬁg‘f %nt“‘t%
impurities:  sodium carbbﬂat@ﬂxﬁﬂcﬁhmﬁmy\dwxﬁd@mﬂ&he hke,npl-bfeﬁb'lw sodimartiydroxidd, went
'n which the rz:%%cr:entra?ions ranging from 0.1'3S lﬂ? preferably from about 0.1 to 1.0N, most
preferably 0.1 to 0.5N, are useful for extracting the acidic components. Organic bases
5 such as triethylamine are not as effective as the stronger aqueous inorganic bases in
removing the acidic components. Aqueous solutions of mineral acid, including
hydrochloric acid, monopotassium phosphate, monosodium sulfate and the like,
preferably hydrochloric acid, in concentrations of from 0.1 to 5N, are useful for
extracting the basic components. Organic acids, such as trifluoroacetic acid are not as
10  effective as the mineral acids in removing the basic components. Extractions of acidic
and/or basic components from the solution containing the macrolide are conveniently
carried out between -5°C and 45°C, preferably -5°C and 30°C, most preferably in the
range of -5 to 10°C. To avoid possible degradation of the macrolide by the acid or base,
the extraction process should be completed without delay. Depending on the amounts of
15 acidic and/or basic components present, extraction of both acids and bases may not be
- pecessary and extraction of the acidic components alone or basic components alone may
be sufficient in removal of enough impurity from the macrolide containing solution to
permit isolation of the tricyclic macrolide.
It is advantageous to remove the acidic (or basic) components from the solution of
20  macrolide-containing concentrate in one time-saving extraction step. The amount of
aqueous base (or acid) needed so that excess base (or acid) is available in the extraction
process can be determined by extracting an aliquot taken from.the solution of the
macrolide containing concentrate with aqueous base (or acid) and determining the
volume of aqueous base (or acid) required to give an extract of the aliquot having a pH
25  such that a stoichimetric excess of base (or acid) is available. The excess of acid or base
is determined by using a pH meter or other means of determining pH. The volume of
aqueous base (or acid) needed to extract the solution from which the aliquot was taken is
then proportional to the ratio of the volumes of neutral macrolide containing solution to
be extracted and the aliquot taken therefrom. Thus extraction of acidic (or basic)
30 components can be done in one operation rather than performing multiple extractions
with less than sufficient amounts of aqueous base (or acid). Obviously where both acidic
and basic componénts are to be removed from the solution of the macrolide containing
concentrate, separate extractions with aqueous base and aqueous acid respectively will
* have to be performed. With solutions of rapamycin containing concentrate, for instance,
35 one extraction with-aqueous sodium hydroxide solution sufficient to have a final pH of
12 is sufficient to remove substantially all of the acidic components.
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(A




R P G L

-2a- (i) treatment-wthra sufficient quantity of a m scible nacrolide
non-sol vent to causepthg.qaed Kki R&it beconme insoluble in the resulting

solvent m xture and t
can be separated from mm
macrol i de crystalli zi

10

15

20

25

30

35

om the sol ution whereby the ”RffP%i(ﬁs

xture (|||) triturate with

The macrolide recovered from solution using the above processes can be purified to
the degree of purity desired by conventional purification techniques known to those
skilled in the art . The filtrates and washings may be reworked to recover additional
macrolide if desired. :

After performing the extraction procedures to remove the acidic and/or basic
components from the water-immiscible solvent solution containing the macrolide, the
macrolide may be separated from the non-polar neutral components by one of the
following methods:

(1) A macrolide non-solvent (or solvent mixture), miscible with said macrolide
containing water-immiscible solvent solution from which the acidic and/or basic
components were extracted, is added to the macrolide containing solution in sufficient
quantity so as to render the macrolide and perhaps macrolide-related products insoluble
in the resulting solution and form a separate phase, either an oil or a solid, which may
then be separated by ordinary separation techniques known to those skilled in the art.

(2) The water-immiscible solvent solution containing the neutral macrolide from which
the acidic and/or polar components were extracted is concentrated and the residual
material containing the macrolide is dissolved in a macrolide dissolving solvent such as
acetonitrile or dimethylformamide and extracted with a non-aromatic hydrocarbon
solvent such as cyclohexane, hexane, heptane or cyclohexene. The macrolide-dissolving
solvent layer is separated and concentrated. The residue containing the macrolide is then
triturated with a crystallizing solvent to obtain the macrolide if said macrolide is a solid
or purified by techniques known to those skilled in the art such as chromatography if the
macrolide is an oil. Alternatively, the macrolide-dissolving solvent, after extraction with
the non-aromatic hydrocarbon solvent may be treated with a miscible non-macrolide
dissolving solvent as in procedure (1) above.

(3) The macrolide containing water-immiscible solvent solution from which the acidic
and/or basic components were extracted is concentrated and the residual material is

. triturated with macrolide crystallizing solvent such as diethyl ether, diisopropyl ether or

t-butyl methyl ether.

Alternatively, the macrolide containing concentrate can be extracted first according
to one of methods (1) to (3) above to remove non-polar components and then the residue
containing the macrolide dissolved in a water-immiscible solvent if not already in such a
solvent and extracted with aqueous base and/or acid to remove the acidic and/or basic
components.

The above process takes advantage of the unexpected finding that macrolldes such
as the tricyclic macrolide rapamycin do not decompose when subjected to aqueous acid
or base extraction procedures under proper temperature conditions from water-
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This extraction process greatly shortens the time necessary to recover macrolides -

5  from said concentrates and avoids the time-consuming and expensive chromatographic
processes.

The tricyclic macrolide rapamycin is a crystalline solid soluble in methanol,
acetone, dimethylformamide, slightly soluble in diethyl ether and is sparingly soluble in
hexane or petroleum ether and is insoluble in water. Rapamycin has the structure shown

10 below. The atom numbering system is that used by Chemical Abstracts.
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The structures of 32-desmethylrapamycin and 15-deoxorapamycin can easily be
discerned from the above structure of rapamycin. The structure of the neutral
15 tricyclic macrolide FK-506 is shown below.

i



10 invention provided the solvent or solvent m xture used for the
fermentation broth extraction or recrystallization, trituration or
washi ngs is anenable to the process and the vol une of the sEANPIBOHS
not cunbersone. Sol vent vol unme nmay be redu§§d by parti al -
concentration. Any of the solutions to which the process of this invention
may be applied may be referred to as a nmacrolide containing solution
or concentrate. 15 The product obtained by said process can be
purified to acceptable puritMcpy standard procedures known to those
skilled in the art. Ha. herein, a non-polar solvent is a
non-aromati ¢ hydrocarbon sol vent as cycl ohexane, cycl ohexene,
hexane, heptane, pentane and_th Sol vents which are i mm sci bl e
wi th the non-aromatic hydrocaQion -

acetonitrile and dinethyl f or mam de.

ngrefers to the

procedure of t horoughly m xi not her i nmm scible
solution, allow ng the i i gci bl B soliuti ogs to [separate one fromthe
ot her and physically renoving one orQ HO phagg, ;Whe ot her, and
repeating if required. The term was referring’to™ X solution

refers to the extraction procedpge en referr
rinse 25 the solid with a solve
i nsol ubl e. The term not her HO
sol utions obtained from cryst
extractions of aqueous extracts}and Smashings a
collected solids. A macrolide is as

which will dissolve

ng to a solid, neans to

i T @hrch the id is substantially

i quor refers fo the organi c sol vent

rzaigon filtratgs, washi ngs and back
“4fiturations of :

vent or solvent mxture

The following examples are merely illustrative of the process of the present
5 invention in isolating rapamycin from fermentation broth and mother liquor
concentrates and are not to be construed as limiting the scope of this invention in any
way. In the following examples, the identity of the product isolated was confirmed as
rapamycin through comparison of physical, spectral and chromatographic properties to
those of authentic rapamycin. The purity of the product (unrecrystallized) was

10  determined by high pressure liquid chromatographic analysis.
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macrol ide - muum% | zed or crystallized from an anorphous
state upon trlturat _process requires the concentration
of a solution, it is preferred that theg i?#¥ or solvent 35 m xt ure
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condi ti ons of t enperature and pressur
-4- A solution of concentrated fe ntatlon ‘broth extract (157.0 g, 10.4% rapamycin

content) taken up in methylene chloride (600 ml) was washed with three 150 mL
5 portions of 0.5 N NaOH solution at 0-5°C, washed with water until the wash is neutral,
and then washed with brine. The methylene chloride solution was concentrated and the
residue (70.5 g) triturated with diethyl ether (140 mL). The crystalline solid was
collected, washed with diethyl ether and dried to obtain rapamycin (6.3 g, 91.7% purity,
35.4% yield). Concentration of the diethyl ether filtrates gave 63.5 g of oil having a
10  13.1% rapamycin content.

Example 2

A solution of concentrated fermentation broth extract (206.0 g, 11.8% rapamycin

15 content) was taken up in t-butyl methyl ether (800 mL) and washed with three 400 mL

portions of 0.5N NaOH solution at 0-5°C and then washed with water until the wash was

neutral. The t-butyl methyl ether solution was concentrated and the residue (75.0 g)

triturated with diethyl ether (150 mL). The crystalline solid was collected, washed with

diethyl ether, and dried to obtain rapamycin (11.4 g, 92.2% purity, 43.3% yield).

20 Concentration of the diethyl ether filtrates gave 58.7 g of oil having a 11.3% rapamycin
content.

Example 3

25 A solution of concentrated fermentation broth extract (10.58 g, 10.4% rapamycin
content) taken up in acetonitrile (23 mL) was washed with two 23 mL portions of
cyclohexane and then concentrated. The residue was dissolved in dichloromethane and
washed sequentially with three 23 mL portions of 0.5 N NaOH solution at 0-5°C, two 23
mL portions of 0.5 N HCI at 0-5°C, and then with water until the wash was neutral. The

30 dichloromethane solution was concentrated and the residue (4.07 g) triturated with
diethyl ether. The crystalline solid was collected, washed with diethyl ether, and dried to
give rapamycin (0.64 g, 89.5% purity, 58.2% yicld). The diethyl ether filtrates were
concentrated to obtain 3.36 g of oil having a 9.8% rapamycin content.

35 : Example 4

A solution of concentrated fermentation broth extract (100.0 g, 11.8% rapamycin

content) taken up in ethyl acetate (400 mL) was washed with one 200 mL portion and

two 100 mL portions of 0.5 N NaOH solution at 0-5°C and then washed with two 200

40 mL portions of 0.5 N hydrochloric acid solution at 0-5°C and finally washed with water
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the first solvent and in which the macrolide is insoluble to renove the

neutral nem- pol a solutloxh espubﬂdeh&ated fermentauoﬁméﬁé&Qw RQE €194 % frapdthytin
| nvention is Oglgtlelllts'%%( n up E]ne aSI?nh%Lre o]f tofuene (120 mL) and ethyl acetate (25 mL) was
washed sequentially with three 50 mL portions of 0.5 N NaOH solution at 0-5°C, twice
with two 50 mL portions of 0.5 N hydrochloric acid at 0-5°C, and then with water until
the wash was neutral. The toluene/ethyl acetate solution (128 mL) was divided into two

15  equal portions for further treatment by the following methods:

Method A. The toluene/ethyl acetate solution (64 mL) was concentrated and the
residue (5.7 g) triturated with diethyl ether (11 mL). The crystalline solid was collected,
washed with additional diethyl ether, and dried to give 0.84 g of rapamycin (92.7%
purity, 64.1% yield). Concentration of the diethyl ether filtrates gave 4.3 g of an oil

20 having a 6.8% rapamycin content.

Method B. The toluene/ethyl acetate solution (64 mL) was concentrated and the
residue (9.0 g) was dissolved in acetonitrile (50 mL). The acetonitrile solution was
washed with two 25 mL portions of cyclohexane. The acetonitrile solution was then
concentrated and the residue (4.3 g) triturated with diethy] ether (11 mL). The crystalliﬂe

25  solid was collected, washed with diethyl ether, and dried to yield 0.81 g of rapamycin
(94.6% purity, 61.8% yield). Concentrations of the diethyl ether filtrates gave 3.0 g of
an oil having a 5.9% rapamycin content.

Example 6
30

Mother liquor concentrate (996.0 g, 21.6% rapamycin content) was triturated with t-
~ butyl methyl ether (4000 mL). The crystalline solids were collected, washed with t-butyl
methyl ether (500 mL), and dried to yield 36.2 g of rapamycin (95.1% purity, 13.8%
yield). The filtrates were washed with one 2000 mL portion and two 1000 mlL. portions
35 of 0.5 N sodium hydroxide solution at 0-5°C. The combined base extract was washed
once with t-butyl methyl ether (500 mL). The t-butyl methyl ether filtrate and extract

were combined and washed with water until the wash was neutral. The wate_r extracts

were combined and extracted with t-butyl methyl ether (500 mL). The t-butyl methyl
ether solutions were combined, concentrated, and the residue (377.1 g) triturated with



20 Schene 1. acidic
conponent s fhis@k/&éﬁaQngﬁr Jje crude aqg base concentrate

di ssolved in macr ol i de 93059
wat er - i mm sci bl e soI ,I”",H" . non- pol ar macr ol i-de
25 baslk o

conmponent s -
non- pol ar neutral s

from " fordd 9&08 88 S0 S b APk logh S oed el Wpet it
recrystal | i zatdiisoprapyl/ etherymsidried to give 126.7 g of rapamycin (82. 4% punty, 58.9% yield).
Thus the total recovery of rapamycin from the mother liquor concentrate was 162.9 g
(72.7%). Concentration of the diisopropyl ether filtrates gave 157.9 g of oil having a
5 20.9% rapamycin content.

Example 7

A solution of mother liquor concentrate (562.1 g, 21.6% rapamycin content) taken
10  up in dichloromethane (2000 mL) was washed with three 500 ml portions of 0.5 N
sodium hydroxide solution at 0-5°C and the combined aqueous basic extracts were
extracted with one 200 mL pprﬁon of dichloromethane. The organic solutions were
combined and washed with two 500 mL portions of 0.5 N hydrochloric acid solution at
0-5°C. The combined aqueous acid extracts were extracted with one 200 mL portion of
15 dichloromethane. The combined organic extracts were washed with water until the wash
water was neutral. The organic solution was concentrated and the residue (255.0 g) was
triturated with diisopropyl ether (250 mL). The crystalline solids were collected, washed
with diisopropyl ether and dried to give 108.6 g of rapamycin (86.6% purity, 77.4%
recovery). Concentration of the diisopropyl ether filtrates gave 100.2 g of oil having a

20  23.1% rapamycin content.

Example 8

Aqueous 0.5 N sodium hydroxide (400 mL) at 0-5°C was added to a vigorously

25  stirred chilled (0-5°C) solution of concentrated fermentation broth extract (198.5 g, 8.3%
rapamycin content) taken up in 800 mL of t-butyl methyl ether at such a rate so that the
temperature could be maintained at 0-5°C. After vigorous stirring for 5 minutes, the
lower aqueous basic layer was removed and stored at 0-5°C. The organic layer was re-
extracted with two 200 mL portions of 0.5 N sodium hydroxide solution at 0-5°C. The

30 aqueous basic extracts were combined and re-extracted with t-butyl methyl ether (200
mL). The t-butyl methyl ether solutions were combined and washed with water until the
“wash was neutral (pH=7). The aqueous washes were combined and extracted with t-
butyl methyl ether (100 mL). The t-butyl methyl ether solutions were combined, washed

with saturated aqueous sodium chloride solution, and concentrated under vacuum at

35 40°C. The residue was triturated with diisopropyl ether (85 mL) at 20-25°C for a
" minimum of one hour and the mixture cooled to 0-5°C overnight. The crystalline solid

was collected using a sintered glass Buchner funnel and washed with a 4:1 mixture of
diisopropyl ether - t-butyl methyl ether at 20-25°C (5 x 20 mL or until filtrate was
colorless). The crystalline solid is dried to constant weight to yield 12.0 g of rapamycin



25 solvents, is dissolved in a water-i nm sci bl e sol vent or sol vent

m xture selected for - ability to dissolve the concentrate and ease of
renoval , including but not limted to di chl or onet hane, t - butAHPH3059|
ether, ethyl acetate, toluene, 1-butanol, 34 ethyl acet at e/ tol uene

m xture, a heptane/ethyl acetate m'xture, or a hexane/ net hyl ene _
m xture. Agqueous sol utions of base, including sodi um hydroxide, sodium
bi car bonat e, sodi um car bonat e, anmmoni um hydroxi de and the |ike,

preferably sodpu) a%pﬁmgxﬁ@le% febovery). Gopoattiutionof diest- btmﬂgndstbylfetm filtrates @nN,
preferably from about

sof ul ot extTRBHEET REOATTH SR b A3 61% %&%ﬁrb%g to 0.5N. are

5 _ Example 9

Mother liquor concentrate (200 g, 25% rapamycin content) was dissolved with
stirring in t-butyl methyl ether (800 mL) at room temperature. The stirred solution was
cooled to 0-5°C and extracted without delay with 270 mL of 0.65 N sodium hydroxide

10  solution, pre-co.oled to 0-5°C, while maintaining the temperature of the mixture at 0-5°C.
(The amount of aqueous sodium hydroxide necessary to have a final pH of 12 in the
extract was determined on an aliquot of the concentrated mother liquor.)

The aqueous base layer was stored at 0-5°C while the organic layer was washed with
5% sodium chloride solution while maintaining the mixture at 0-5°C. The aqueous basic

15  extract was back extracted with t-butyl methyl ether (100 mL). The organic layers were
.combined and washed with three 200 mL portions of 5% sodium chloride solution (pH
of final wash solution was 7.4). The organic solution was concentrated under reduced
pressure (60-130 mmHg) at a temperature of 25-40°C. Cyclohexene (80 mL) was added
slowly over 30 minutes to the residue with stirring at room temperature and stirred until

20 crystallization was complete (3 hours). The mixture was stirred at room temperature for
one hour more and the mixture chilled to 0-5°C and stirred overnight. The off-white
crystalline solid was then collected on a fritted glass Buchner funnel. The solid was
washed five times with 40 mL portions of a 2:3 mixture of t-butyl methyl ether and -
cyclohexene. The solid was dried to constant weight in a vacuum oven at 35-40°C to

25  obtain 22.7 g of rapamycin (90.6% pure, 41.4% recovery). Concentration of the filtrates
and washings (t-butyl methyl ether and cyclohexene) gave 60.1 g of an oil having a
37.5% rapamycin content.
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5 such as triethylamne are not as effective as the stronger aqueous

| norgani ¢ bases in renovi ng the acidi c conponents. Aqueous sol utions
of mneral acid, including hydrochl oric acid, nonopot assiagip ghesurEste.
nmonosodi um sul fate and the |ike, preferably hydrochloric acid, In
concentrations of fromO0.1 to 5N, are usefdf- f or extracting the basic
conponents. Organic acids, such as trifluoroacetic acid-are—not—as—10

effective as the mineral acids in renoving the basic co ’s
Extractions .of acidic and/ or basi c conponents from‘mﬂ&&!ﬂmmﬂml .
] -olerr]C

cont ai ning the macrolide are conveniently carried

and 45[err] C, Qhaixhsr ably -5[err]C and 30[err]C, nost preferably in the
range of -5 to 10[err]C. To avoid possible degradation of the macrolide by
the acid or base, the extraction process should be conpleted w thout
del ay. Dependihg onAtprecessrferrfepargting 8 magsolifecframaacidic, hasiccand nasopalas geutral

present, extr ggtduARePbrelit h AmbeoldbnASAs sBiomMWhich Gomprises %06 OB fidke oFthe
extraction of the acidic conponents al one or basic conponents al one may

be sufficient fo OVHIERFaFCsIs ABLRfHE npurity fromthe macrolide containing
solution to permt isolation of the tricyclic macrolide. It
I s advant ageous taQq nove 1. 1 Chi asiG) ..

sol ution of 20 ﬁgg{ugipmg?%@ﬁ?%ﬁ%ﬁﬁgn é ana(t:%'r r 'é{%céﬁlg %ﬁ@% ?ﬁ%&g%&v‘?’ﬁg aqueous
extracti on step. basegoanbatantialy remove allagidicimpupities (or aci d) needed so that
excess base (or acid) is available in the extraction process can be
determ ned by extracting an _aliquot .taken from t,glg sol ut.ion of the

macr ol i de contli @iselytionof said maceolidedn a yaterdmanipeible splyentds pxiyactgeiwith aqueous
determ ning the acid to substantially remove all basic impurities;

-

—Hg

c. a solution of said macrolide is subjected to one or more of the following in order to
- remove non-polar neutral impurities:
(i) extraction with a non-aromatic hydrocarbon solvent in which the macrolide
is insoluble,

(ii) treatment with a sufficient quantity of a miscible macrolide non-solvent to
cause the macrolide to become insoluble in the resulting solvent mixture and
thus separate from the solution whereby the macrolide can be separated from
the solvent mixture,

(iii) triturate with a macrolide crystallizing solvent .

2. A process according to Claim 1 in which in step (c) the solution of said macrolide
is a solution in a water immiscible solvent.

3. A process according to Claim 1 or Claim 2 in which the extraction of acidic
and/or basic impurities is carried out at a temperature from about -5°C to about 45°C.

4. A process according to Claim 1 or Claim 2 in which the extraction of acidic
‘and/or basic impurities is carried out at a temperature from about -5°C to about 10°C.

5. A process according to any one of Claims 1 to 4 wherein the macrolide
containing solution is a macrolide-containing fermentation broth extract concentrate or a

mother liquor concentrate. : —_—
This Sheet Has Been Re
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vol ume of aqueous base (or acid) required to give an extract of the aliquot
having a pH 25 such that a stoichinetric excess of base (or acid) is

avai | abl e. The excess of acid or base i s determ ned by AS$IPAGBOS9HPC
nmeter or other nmeans of determning pH. Thi vol une of aqueous base
(or acid) needed to extract the solution f7 $m whi ch the ali quot was taken

S then proportional to the ratio of the vol unes [ide
containing solution to be extracted and the ali q”m"rmuml"lmﬁlﬂ

Thus extraction of acidic (or basic) 30 conponents can*bet doneMm nsone
operation rather than perform ng mltiple extractions with less than

sufficient anBunt s Aoprogess acensdingde Clam Hwherein the ppe-pelay neyieal eompenentsaf dhe
and basi ¢ CcOMROREIHIR-cBhRidiRy REmERARNEEroH amaw&nwim\w &anaﬁeﬂmoﬁaﬁmiw@

cont ai ni ng concentrate, sepgrate extractions with aqueous ]

aqueous aci d a@sﬁw\«edémemcrmo a sqjulien o S‘B@ caa?q"&amaﬁﬁtﬁ%umw
of rapanyc ij'n ﬁévbhg ithQﬂorﬁﬂIﬁf@@de&l‘lﬁmf s‘foleent Ismhisoibis with thedivet solvtentanid iarwhich h
aqueous so IUEP{ }/] rf’rﬁé“ee el on su icient to have a final pH of 12

is sufficient tlaIIy all of the acidic conponents.

7. A process according to Claim 5 wherein the water-immiscible solution containing
the macrolide after extraction of acid and/or basic components is treated with a sufficient
quantity of a miscible macrolide non-solvent to cause the macrolide to become insoluble
in the resulting solvent mixture and thus separate from the solution whereby the
macrolide can be separated from the solvent mixture.

8. A process according to any one of Claims 1 to 5 wherein the water-immiscible

. solution containing the macrolide after extraction of acidic and/or basic components is
concentrated and the residue crystallized by admixture with a crystallizing solvent or
solvent mixture.

9. A process according to any one of Claims 1 to 5 wherein the water-immiscible
solution containing the macrolide after extraction of acid and/or base components is
concentrated and the residue is dissolved in a first solvent and extracted with a second
non-aromatic hydrocarbon solvent immiscible with the first solvent and in which the
macrolide is insoluble to remove the neutral non-polar impurities.

10. A process according to Claim 5 wherein the fermentation broth extract
concentrate or mother liquor concentrate is first dissolved in a first solvent and extracted
with a second non-aromatic hydrocarbon solvent immiscible with said first solvent, to
remove the non-polar neutral impurities, the solution in the first solvent is then
‘concentrated and the residue dissolved in a water immiscible solvent and extracted with
aqueous base and/or acid to remove acidic and/or basic impuritiés.

11. A process according to claim any one of Claims 1 to 10 wherein the non-aromatic
hydrocarbon solvent is cycl(_)heXane, cyclohexene, hexane, heptane or pentane or a
mixture thereof. '
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" 6- The macrolide recovered from sol ution using the above

processes can be purifi e degree of purity desired by .
conventi onal pur|f echni ques, known to those ski | IAIP-DBOSHEPGr t

The filtrates a ﬂgﬁﬂ’rﬂ revvork ¢gl to recover additional
macrolide if desir perforn1ng the extraction procedures to
renove the acidic and/ or baS|c ‘conponents fromthe water-immscible
sol vent solution containing the nacrolide, the macrol i de may be

separated frompthe mpfbcegsl #cordingt toablaﬁﬁrm rumetaf mu@m t@fl 1t fewhich the water-
fol |l ow ng net hods

crolide S Ivn ol.vent m xture
561 bl o wi ¢ h 10Eipible splyERYis diHotoget iz ﬁnxﬁws 6 Syl acetgte, tipene, 1°
sol ution frombutanol ametlndi ai:etateimiﬁme distuze, a hepmwmmﬁnacetmrmmter amt £d,
i s-added to t Fﬁﬁﬁ ﬁ@&]ﬁ iag solution in sufficient gquantity
so as to rendlci}rgx e 1roei an 'xoug‘r"haps macrol i de-rel ated products

I nsol ubl e in the resulting solution and form a separate phase, either

(@]

?n ﬁi | or akf‘QB' d, A(V? st%ﬁorldn dtotélﬁih By R Elfs 1YtoOrDin"@hith IRO addon®N
echni ques %ase 1s sodl?nsne h?rdllox ide, ogmm Eincar{mnate sodium carbonate or ammonium
hydroxide.

14. A process according to claim any one of Claims 1 to 13 in which the agueous
acid is hydrochloric acid, monopotassium phosphate or monosodium sulfate.

15. A process according to any one of Claims 1 to 14 wherein the macrolide is a
tricyclic macrolide.

-16. A process according to Claim 15 wherein the tricyclic macrolide is rapamycin or
a naturally occurring homolog or analog thereof or FK-506 or a naturally occuring
homolog or analog thereof.

17. A process according to Claim 15 wherein the tricyclic macrolide is rapamycin,
32-desmethylrapamycin or 15-deoxorapamycin.
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15 (2) The water-imm scible solvent solution containing the neutral

macr ol i de from whi ch the acidic and/or polar conponents were extracted
" is concentrated and the residual mat eri al contai ni ng theéﬂ}c%ﬂg (i‘g)ré
di ssolved in a macrolide dissolving solvent such as acet t 4

di met hyl f ormani de and extracted with a nomri&romatic hydrocarbon

sol vent such as cycl ohexane, hexane,’ hept ane or cycl ohexene. The
macrol i de-di ssolving 20 solvent |ayer is separated and concentrated. The
resi due containing the macrolide is then triturated with a
crystallizing solvent to obtain the nmacrolide if said nacrolide is a solid
or purified by techniques known to those skilled in the art such as

chromat ography if the macr ol i de Mﬁ/\n Al ternatively, the
macr ol i de-di ssol ving solvent, after ex ith t he non-aromatic

hydr ocarbon sol vent nay be treated with a mscible non-macrolide 25
di ssol ving sol vent asyih )

contai ning water-i rrm§
and/ or basi c conponents WEAF EYRAL URR MALGE )

material is triturated with nacrollde crystaII|Z|ng sol vent such as
di et hyl ether, diisopropyl ether or t-butyl nethyl ether. 30

Al ternatively, the nacrolide containing concentrate can be extracted first

accordi ng This ifv&itRnLondBRhs Whkdcés ¥ort separdtingd fiderolile FOMPHEi0 BusiRAndmon-
conponents and then the residue . contla#nl ng .t.he nPﬁrO| I,de di ssol ved I n
a wat er-i nmi s®plr sewzl jrpprities Rresent;in amacroli gqp?qﬁmgg solution ghi

extracted wi t lpr amreoftbe folloaviag prooéssesinding ordegnove the acidic and/ or ba5| C

a. a solution of said macrolide in a water-immiscible solvent is extracted with aqueous
base to substantially remove all acidic impurities;

b. a solution of said macrolide in a water-immiscible solvent is extracted with aqueous
acid to substantially remove all basic impurities;

c. asolution of said macrolide is subjected to one or more of the following in order to
remove non-polar neutral impuriﬁes:
(i) extraction with a non-aromatic hydrocarbon solvent in which the macrolide
is insoluble,

(ii) treatment with a sufficient quantity of a miscible macrolide non-solvent to
cause the macrolide to become insoluble in the resulting solvent mixture and
thus separate from the solution whereby the macrolide can be separated from
the solvent mixture,

(iii) triturate with a macrolide crystallizing solvent .
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NEW EXTRACTIVE PROCESS FOR THE RECOVERY OF
NATURALLY OCCURRING MACROLIDES

This invention relates to an extractive process for the recovery of naturally occurring
macrolides more particularly to a process for separating a naturally occuring neutral
macrolide, especially a tricyclic macrolide such as rapamycin, 32-desmethylrapamycin,
15-deoxorapamycin, or FK-506, from other naturally occuring components that are
obtained by fermentation processes. More specifically, this invention relates to a
process for recovering the tricyclic macrolide rapamycin from fermentation broth extract
concentrate and from mother liquor concentrate.

The tricyclic macrolides exemplified by rapamycin and FK-506 have
immunosuppressant activity as well as antibiotic and other pharmacological activities
and are useful in treating graft and transplant rejections, dis=ases of inflammation, and
autoimmune diseases such as lupus, theumatoid arthritis, diabetes mellitus and multiple
sclerosis.

The tricyclic macrolides rapamycin, 32-desmethylrapamycin, 15-deoxorapamycin
and FK-506 are produced by fermentation of various strains of Streptomyces under the
proper conditions and are neutral as there is no basic amino group, phenolic or
carboxylié acid groups present. Rapamycin is produced by culturing S. hygroscopicus
NRRL 5491 in an aqueous medium. Mycelia containing the tricyclic macrolide are.
recovered from the growth medium and extracted with a organic solvent such as
methanol to obtain a mixture comprised of the desired tricyclic macrolide, related
compounds, acidic compounds such as fatty acids, basic compounds such as alkaloids
and peptides, and neutral lipophilic compounds such as fats. Typically, the fermentation
broth extract is concentrated to facilitate transportation and/or storage until the macrolide
can be isolated. Isolation and purification of the tricyclic macrolides from the
fermentation broth extract has been, pﬁor to this invention, a laborious expensive process
employing various chemical and chromatographic techniques to obtain purified material.
[U.S. 5,091,389; U.S. 3,993,749; WO 93/11130; Sehgal, J. of Antibiotics
28(10)727(1975)]). The fermentation broth extract concentrate for rapamycin cohtains
only 5 to 15% rapamycin and up to about 50% acidic components, for example, and
rapamycin must be separated from the other components. Typically, processes for
recovery of the tricyclic macrolides from fermentation broth extracts involves adsomﬁon
on and desorption from activated carbon, selective solubility procedures, and one or
more time consuming and expensive chromatographic procedures using column
chromatography and/or high pressure liquid chromatography. Heretofore, acidic or basic
conditions have been avoided as tricyclic macrolides such as rapamycin are considered
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t hotight+’t hat degradati on woul d occur, based on the observed degradati on of
rapanycin that results fromacid or base exposure in solution.

This extraction process greatly shortens the tinme necessary to recover
macrolides 5 fromsaid concentrates and avoids the tinme-consum ng and

expensi ve chromat ogr aphi c processes. The tricyclic macrolide
"rapanmycin is a crystalline solid sol ubl e £n net hanol, acet one,

di met hyl formam de, slightly soluble in diethyl ether and is sparingly
soluble in hexane or petroleumether and is insoluble in water.

Fﬁ g? rrzg;g B;‘ S @t] %pxi%qrblféég q? és. g:vg} b%s(%c conla%ogg.v ' Ra:ge]lglygitncirrp wnaltjer;prﬁgtlnﬁg sg%tsutm? mis

OH i.e., in methanol or tetrahydrofuran, undergoes degradatibn by inorganic bases such as
aqueous sodium hydroxide, organic bases such as 4-dimethylaminopyridine (DMAP) or
1,8-diazobicyclo[5.4.0Jundec-7-ene (DBU) or aqueous mineral acids such as

5  hydrochloric acid and Lewis acids such as zinc chloride [Steffan ef al.,, Tetrahedron
" Letters (in press), D. Yohanes and S. J. Danishefsky, Tetrahedron Letters 33(49), 7469-
7472 (1992); Luengo et al., Tetrahedron Letters 34(6), 991-994 (1993) and D. Yohannes
et al., Tetrahedron Letters 34(13), 2075-2078 (1993)].
This invention provides a relatively fast and efficient process for recovery of a
10  macrolide, especially a tricyclic macrolide, from a solution containing impurities and
| more specifically rapamycin, from fermentation broth extract concentrates and mother
liquors or concentrates thereof obtained from recrystallization solvents, triturations and
product washings and avoids the time consuming and expensive chromatographic
separations exemplified in  U.S. 5,091,389; U.S. 3,993,749; WO 93/11130; and Sehgal,
15 ). of Antibiotics 28(10)727(1975).
Accordingly this invention provides a process for separating a macrolide from acidic,
basic and non-polar neutral impurities present in a macrolide containing solution which
comprises one or more of the following processes in any order:

20 a. asolution of said macrolide in a water-immiscible solvent is extracted with aqueous
base to substantially remove all acidic impurities; '

b. a solution of said macrolide in a water-immiscible solvent is extracted with aqueous
acid to substantially remove all basic impurities;
25 '
c. a solution of said macrolide is subjected to one or more of the following in order to
remove non-polar neutral impurities: '
(i) extraction with a non-aromatic hydrocarbon solvent in which the macrolide

is insoluble,
30 _
(ii) treatment with a sufficient quantity of a miscible macrolide non-solvent to
cause the macrolide to become insoluble in the resulting solvent mixture and
thus separate from the solution whereby the macrolide can be separated from
the solvent mixture,
s 35

(iii) triturate with a macrolide crystallizing solvent . I
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51 = i The structures of 32-desnet hyl rapamycin and

15- deoxor apanyci n can easily be di scerned fromthe above
structure of rapanycin. The structure of the neutral 15 . tricyclic
macr ol i de FK-506 i s shown bel ow. '

-3-

In one aspect the process comprises separation of the acidic and/or basic

~ components from the neutral components by dissolving the macrolide-containing

concentrate in a suitable water-immiscible solvent and extracting the acidic and/or basic

5 componénts into aqueous base or acid respectively, and employing selective solubility or

" extraction techniques to separate the neutral non-polar tricyclic macrolide from the non-

polar neutral materials present in the concentrate. While the process described herein' is

particularly suited to concentrates of fermentation broth extracts or mother liquors, the

whole extract solution or mother liquor solutions can be used in the process of this

10 invention provided the solvent or solvent mixture used for the fermentation broth

extraction or recrystallization, trituration or washings is amenable to the process and the

volume of the solvent is not cumbersome. Solvent volume may be reduced by partial

concentration. Any of the solutions to which the process of this invention may be
applied may be referred to as a macrolide containing solution or concentrate.

15 The product obtained by said process can be purified to acceptable purity by

standard procedures known to those skilled in the art.

As used herein, a non-polar solvent is a non-aromatic hydrocarbon solvent such as
cyclohexane, cyclohexene, hexane, heptane, pentane and the like. Solvents which are
immiscible with the non-aromatic hydrocarbon solvent include but are not limited to

20  acetonitrile and dirnethylfonnamide. The term extraction refers to the procedure of
thoroughly mixing one solution with another immiscible solution, allowing the
immiscible solutions to separate one from the other and physically removing one layer or
phase from the other, and repeating if required. The term wash when referring to a
solution refers to the extraction procedure and when referring to a solid, means to rinse

25  the solid with a solvent in which the solid is substantially insoluble. The term mother
liquor refers to the organic solvent solutions obtained from crystallization filtrates, -
washings and back extractions of aqueous extracts and washings and triturations of
collected solids. A macrolide solvent is a solvent or solvent mixture which will dissolve
the macrolide and accompanying impuri-ties such as the acidic or basic component.s.' A

30 macrolide non-solvent is a solvent or solvent mixture in which the macrolide is
substantially insoluble but one in which neutral components such as fats are soluble. A
macrolide crystallizing solvent is a solvent or solvent mixture from which the macrolide
can be recrystallized or crystallized from an amorphous state upon trituration. Where the
process requires the concentration of a solution, it is preferred that the solvent or solvent

35 mixture have sufficient volatility so as to distill off under non-degrading conditions of
temperature and pressure. :
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This invention also provides a process wherein the non-polar neutral components of
the macrolide-containing fermentation broth extract concentrate or mother liquor
concentrate are removed by extraction of a solution of said concentrate in a first solvent
(e.g. acetonitrile, DMF) with a second non-aromatic hydrocarbon solvent immiscible
with the first solvent and in which the macrolide is insoluble (e.g cyclohexane,
cyclohexene, hexane, heptane or pentane).

Also provided is a process wherein the water-immiscible solution containing the
macrolide after extraction of acid and/or basic components is either

(i) treated with a sufficient quantity of a miscible macrolide non-solvent to cause
the macrolide to become insoluble in the resulting solvent mixture and thus separate
from the solution whereby the macrolide can be separated from the solvent mixtureor

(ii) concentrated and the residue crystallized by admixture with a crystallizing
solvent or solvent mixture.

The water-immiscible solution containing the macrolide after extraction of acid
and/or base components may also be concentrated and the residue dissolved in a first
solvent and extracted with a second non-aromatic hydrocarbon solvent immiscible with
the first solvent and in which the macrolide is insoluble to remove the neutral non-polar
impurities.

A preferred process of this invention is outlined in the Scheme 1 below:

Scheme 1.
acidic
components
Tricyclic macrolide crude 4 S
_ g. base -
concentrate dissolved in id ” fni:y iﬁf 4
water-immiscible solvent 2q. acl non-polar crofide
lipophilic
. solvent
basic
components
non-polar
neutrals

According to the process, the concentrate containing the macrolide, whether from

~ fermentation broth extract concentrate or concentrates from recrystallization and/or wash

solvents, is dissolved in a water-immiscible solvent or solvent mixture selected for
ability to dissolve the concentrate and ease of removal, including but not limited to
dichloromethane, t-butyl methyl ether, ethyl acetate, toluene, 1-butanol, an ethyl
acetate/toluene mixture, a heptane/ethyl acetate mixture, or a hexane/

ylene;gh}ef-i{i
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The-fol I'ow ng exanples are merely illustrative of the process of the
- present 5 I nvention in isolating rapanycin fromfernentation broth and

not her |iquor concentrates and are not to.be construed as linmting the
scope of this invention in any .

mixture. Aqueous solutions of base, including sodium hydroxide, sodium bicarbonate,
sodium carbonate, ammonium hydroxide and the like, preferably sodium hydroxide, in
concentrations ranging from 0.1 to 5N, preferably from about 0.1 to 1.0N, most
* preferably 0.1 to 0.5N, are useful for extracting the acidic components. Organic bases
5 such as triethylamine are not as effective as the stronger aqueous inorganic bases in
removing the acidic components. Aqueous solutions of mineral acid, including
hydrochloric acid, monopotassium phosphate, monosodium sulfate and the like,
preferably hydrochloric acid, in concentrations of from 0.1 to 5N, are useful for
extracting the basic components. Organic acids, such as trifluoroacetic acid are not as
10 effective as the mineral acids in removing the basic components. Extractions of acidic
and/or basic components from the solution containing the macrolide are conveniently
carried out between -5°C and 45°C, preferably -5°C and 30°C, most preferably in the
range of -5 to 10°C. To avoid possible degradation of the macrolide by the acid or base,
the extraction process should be completed without delay. Depending on the amounts of
15 acidic and/or basic components present, extraction of both acids and bases may not be
necessary and extraction of the acidic components alone or basic components alone may
be sufficient in removal of enough impurity from the macrolide containing solution to
permit isolation of the tricyclic macrolide.
It is advantageous to remove the acidic (or basic) components from the solution of
20 macrolide-containing concentrate in one time-saving extraction step. The amount of
aqueous base (or acid) needed so that excess base (or acid) is available in the extraction
process can be determined by extracting an aliquot taken from the solution of the .
macrolide containing concentrate with aqueous base (or acid) and determining the
volume of aqueous base (or acid) required to give an extract of the aliquot having a pH
25  such that a stoichimetric excess of base (or acid) is available. The excess of acid or base
is determined by using a pH meter or other means of determining pH. The volume of
aqueous base (or acid) needed to extract the solution from which the aliquot was taken is
then proportional to the ratio of the volumes of neutral macrolide containing solution to
be extracted and the aliquot taken therefrom. Thus extraction of acidic (or basic)
30 components can be done in one operation rather than performing multiple extractions
with less than sufficient amounts of aqueous base (or acid). Obviously where both acidic
and basic components are to be removed from the solution of the macrolide containing
concentrate, separate extractions with aqueous base and aqueous acid respectively will
have to be performed. With solutions of rapamycin containing concentrate, for instance,
35 one extraction with aqueous sodium hydroxide solution sufficient to have a final pH of
12 is sufficient to remove substantially all of the acidic components.
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way- -In'the foll ow ng exanples, the identity of the product isolated was
confirmed as rapanycin through conpari son of physical, spectral and
chromat ographi ¢ properties to t hose of authentic rapamycin. The purity
of the product (unrecrystallized) was 10 determ ned by high pressure

| i qui d chromat ographi ¢ anal ysis. . -6-

-9- Exanple 1 A

sol uti on of concent r at ed fernentatlon broth extract (157.0 g, 10.4%

rapanycin content) taken up in nethylene chloride (600 nL) was washed
with three 150 nilhe macrolide recovered from solution using the above processes can be purified to

the degree of purity desired by conventional purification techniques known to those
skilled in the art . The filtrates and washings may be reworked to recover additional
macrolide if desired. :

5 After performing the extraction procedures to remove the acidic and/or basic
componénts from the water-immiscible solvent solution containing the macrolide, the
macrolide may be separated from the non-polar neutral components by one of the
following methods:

(1) A macrolide non-solvent (or solvent mixture), miscible with said macrolide

10 -.containing water-immiscible solvent solution from which the acidic and/or basic
components were extracted, is added to the macrolide containing solution in sufficient
quantity so as to render the macrolide and perhaps macrolide-related products insoluble
in the resulting solution and form a separate phase, either an oil or a solid, which may
then be separated by ordinary separation techniques known to those skilled in the art.

15 (2) The water-immiscible solvent solution containing the neutral macrolide from which
the acidic and/or polar components were extracted is concentrated and the residual
material containing the macrolide is dissolved in a macrolide dissolving solvent such as
acetonitrile or dimethylformamide and extracted with a non-aromatic hydrocarbon
solvent such as cyclohexane, hexane, heptane or cyclohexene. The macrolide-dissolving

20  solvent layer is separated and concentrated. The residue containing the macrolide is then
triturated with a crystallizing solvent to obtain the macrolide if said macrolide is a solid
or purified by techniques known to those skilled in the art such as chromatography if the
macrolide is an oil. Alternatively, the macrolide-dissolving solvent, after extraction with
the non-aromatic hydrocarbon solvent may be treated w1th a miscible non-macrolide

25  dissolving solvent as in procedure (1) above.

(3) The macrolide containing water-immiscible solvent solution from which the acidic
and/or basic components were extracted is concentrated and the residual material is
triturated with macrolide crystallizing solvent such as diethyl ether, diisopropyl ether or
t-butyl methyl ether.

30 . Alternatively, the macrolide containing concentrate can be extracted first accoz:ding
to one of methods (1) to (3) above to remove non-polar components and then the residue
containing the macrolide dissolved in a water-immiscible solvent if not already in such a
solvent and extracted with aqueous base and/or acid to remove the acidic and/or basic
components.

35 The above process takes advantage of the unexpected finding that macrolides such
as the tricyclic macrolide rapamycin do not decompose when subjected to aqueous acid
or base extraction procedures under proper temperature conditions from water-
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5 portions of 0.5 N NaOH solution at 0-5[err]C, washed with water until
the wash is neutral, . and then washed with brine. The nethyl ene
chloride solution was concentrated and the residue (70.5 Qg) trlturated
with diethyl ether (140 mL). The crystalline solid was col | ect ed,
washed with diethyl ether and dried to obtain rapanycin (6.3 g, 91. 7%
purity, 35.4% vyield). Concentration 7of the diethyl ether filtrates
gave 63.5 g of oil having a 10 13.1% rapamycin content.

Exampl e 2 A solution of concentrated fermentation broth extract
(206.0 g, 11.8% rapanycin 15 content) was taken up in t-butyl nmethyl ether

(800 ni) and g@gﬁu gol%axbex{g@gﬁ&orﬁ%@ miikrolide coxﬁ‘aﬂ1hb(2:3§ce9frat@s5ﬁi WaGheshyy i on

at 0-5[err]C en was neutral .

A e acht G o scn el Seae skl b e bgeroar e ssBtiv of HAEHYS 0 o)
triturated w ttﬂihtehs&kilﬁ‘émeéxbesz(s&%osfﬁtemsa’lh&on:ryst alline solid was

col l ected, washe th

(11.4 g, 92.2% p&?’vgtii‘“aﬁ%%ﬂfg‘lgfg& E’é%ﬂy fis tﬂégg’r‘?? “&9 t‘?p‘{ ﬁb&dﬁ&?ﬁ@é et her .
filtrates §avdrop8sald gonsentoités andavaids the mme@%suwwwm entpenswe Q;bém@ﬁsraphm

Exanpl e 3 processes.

The tricyclic macrolide rapamycin is a crystalline sohd soluble in methanol,
acetone, dimethylformamide, slightly soluble in diethyl ether and is sparingly soluble in

hexane or petroleum ether and is insoluble in water. Rapamycin has the structure shown
10 below. The atom numbering system is that used by Chemical Abstracts.

2 _OH

4 2
3\940 Wheu OCH3

The structures of 32-desmethylrapamycin and 15-deoxorapamycin can easily be
discerned from the above structure of rapamycin. The structure of the neutral
15 tricyclic macrolide FK-506 is shown below.




25, .. A solution of concentrated fernmentation broth extract (10.58 g,
10. 4% r apanycin content) taken up in acetonitrile (23 nL) was washed
with two 23 nL portions of cycl ohexane and then concentrated. The
resi due was di ssolved in dichloronmethane and washed sequentially with
three 23 nL portions of 0.5 N NaOH solution at O-5[err]C, two 23 oL
portions of 0.5 N HCO ‘at O-5[err]C, and then with water until the wash was
neutral. The 30 dichl oronmethane sol ution was concentrated and the residue
(4.07 g) triturated with di ethyl ether. The crystalline solid was
coll ected, washed with diethyl ether, and dried to gi ve rapamycin
(0.64 g, 89.5%purity, 58.2%vyield). The diethyl ether filtrates were
concentrated to obtain 3.36 g of oil having a 9.8% rapanycin content. 35

Exanpl e 4 A solution of concentgated fermentation broth extract
(100.0 g, 11.8%rapamnmycin content) taken up in ethyl acetate (400 ni)
was washed with one 200 niL portion and two 100 nL portions of 0.5 N

NaOH sol ution at 0O-5[err]C and then washed with two 200 40 ni portions of
0.5 N hydrochloric acid sol ugjgn at_0-5[err]C and finally washed with water

I',..

The following examples are merely illustrative of the process of the present
5 invention in isolating rapamycin from fermentation broth and mother liquor
concentrates and are not to be construed as limiting the scope of this invention in any
way. In the following examples, the identity of the product isolated was confirmed as
rapamycin through comparison of physical, spectral and chromatographic properties to
those of authentic rapamycin. The purity of the product (unrecrystallized) was’

10  determined by high pressure liquid chromatographic analysis.




-10- - until the wi;lsh was-aeutral . The aqueous washi ngs were__ ’
extracted with ethyl acetate (100 nL) and the ethylgg
conbi ned. The ethyl acetate solution was concent r at S

(43.2 g) triturated with diisopropyl ether (45 nlL). The '

of 5 rapamnmycin (8,5. 3% purity, 68.7%yiel d). The diisopy
filtrates were concentrated to give an oil (31.6 dg) W
rapanycin content.

Example 1 *

A solution of concentrated fermentation broth extract (157.0 g, 10.4% rapamycin
content) taken wp in methylene chloride (600 mL) was washed with three 150 mL
5 portions of 0.5 N NaOH solution at 0-5°C, washed with water until the wash is neutral,
* and then washed with brine. The methylene chloride solution was concentrated and the
" residue (70.5 g) triturated with diethyl ether (140 mL). The crystalline solid was
collected, washed with diethyl ether and dried to obtain rapamycin (6.3 g, 91.7% purity,
35.4% yield). Concentration of the diethyl ether filtrates gave 63.5 g of oil having a
10  13.1% rapamycin content.

Example 2

A solution of concentrated fermentation broth extract (206.0 g, 11.8% rapamycin

15 content) was taken up in t-butyl methyl ether (800 mL) and washed with three 400 mL

portions of 0.5N NaOH solution at 0-5°C and then washed with water until the wash was

neutral. The t-butyl methyl ether solution was concentrated and the residue (75.0 g)

triturated with diethyl ether (150 mL). The crystalline solid was collected, washed with

diethyl ether, and dried to obtain rapamycin (11.4 g, 92.2% purity, 43.3% yield).

20  Concentration of the diethyl ether filtrates gave 58.7 g of oil having a 11.3% rapamycin
content.

Example 3

25 A solution of concentrated fermentation broth extract (10.58 g, 10.4% rapamycin
content) taken up in acetonitrile (23 mL) was washed with two 23 mL portions of
cyclohexane and then concentrated. The residue was dissolved in dichloromethane and
washed sequentially with three 23 mL portions of 0.5 N NaOH solution at 0-5°C, two 23
mL portions of 0.5 N HCl at 0-5°C, and then with water until the wash was neutral. The

30 dichloromethane solution was concentrated and the residue (4.07 g) triturated with

. diethyl ether. The crystalline solid was coflected, washed with diethyl ether, and dried to
give rapamycin (0.64 g, 89.5% purity, 58.2% yield). The diethyl ether filtrates were
concentrated to obtain 3.36 g of oil having 2 9.8% rapamycin content.

35 | Example 4

A solution of concentrated fermentation broth extract (100.0 g, 11.8% rapamycin

content) taken up in ethyl acetate (400 mL) was washed with one 200 mL portion and

two 100 mL portions of 0.5 N NaOH solution at 0-5°C and then washed with two 200

40 mL portions of 0.5 N hydrochloric acid solution at 0-5°C and finally washed with water
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content) taken up in a mixture of toluene (120 mL) and ethyl acetate (25 mL) was
washed sequentially with three 50 mL portions of 0.5 N NaOH solution at 0-5°C, twice
with two 50 mL portions of 0.5 N hydrochloric acid at 0-5°C, and then with water until
the wash was neutral. The toluene/ethyl acetate solution (128 mL) was divided into two
equal portions for further treatment by the following methods:

Method A. The toluene/ethyl acetate solution (64 mL) was concentrated and the
residue (5.7 g) triturated with diethyl ether (11 mL). The crystalline solid was collected,
washed with additional diethyl ether, and dried to give 0.84 g of rapamycin (92.7%
purity, 64.1% yield). Concentration of the diethyl ether filtrates gave 4.3 g of an oil
having a 6.8% rapamycin content.

Method B. The toluene/ethyl acetate solution (64 mL) was concentrated and the
residue (9.0 g) was dissolved in acetonitrile (S0 mL). The acetonitrile solution was
washed with two 25 mL portions of cyclohexane. The acetonitrile solution was then
concentrated and the residue (4.3 g) triturated with diethyl ether (11 mL). The crystalline
solid was collected, washed with diethyl ether, and dried to yield 0.81 g of rapamycin
(94.6% purity, 61.8% yield). Concentrations of the diethyl ether filtrates gave 3.0 g of
an oil having a 5.9% rapamycin content.

Example 6

Mother liquor concentratq,(9_96.0 g, 21.6% rapamycin content) was triturated witfx t-
butyl methyl ether (4000 mL). The crystalline solids were collected, washed with t-buty!
methyl ether (500 mL), and dried to yield 36.2 g of rapamycin (95.1% purity, 13.8%
yield). The filtrates were washed with one 2000 mL portion and two 1000 mL portions
of 0.5'N sodium hydroxide solution at 0-5°C. The combined base extract was washed
once with t-butyl methyl ether (500 mL). The t-butyl methyl ether filtrate and extract
were combined and washed with water until the wash was neutral. The water extracts
were combined and extracted with t-butyl methyl ether (500 mL). The t-butyl methyl
ether solutions were combined, concentrated, and the residue (377.1 g) triturated with

94.6% purity, 61.8%yield). Concentrations of the diethyl
tipnpofgcagrentrated fepmentation heath eytract 293y 4G 4Fzepamysimt ent .

i
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yield). The filtrates were washed with ong 2000 nmL portionjand two 1000
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(377.1 g) tri t'ﬂh\at thel totalt fecovery of rapamycin from the mother liquor concentrate was 162 9g
(72.7%). Concentration of the diisopropyl ether filtrates gave 157.9 g of oil having a
5 20.9% rapamycin content.

Exa_mple 7

A solution of mother liquor concentrate (562.1 g, 21.6% rapamycin content) taken
10  up in dichloromethane (2000 mL) was washed with three 500 ml portions of 0.5 N
sodium hydroxide solution at 0-5°C and the combined aqueous basic extracts were
extracted with one 200 mL portion of dichloromethane. The organic solutions were
combined and washed with two 500 mL portions of 0.5 N hydrochloric acid solution at
0-5°C. The combined aqueous acid extracts were extracted with one 200 mL portion of
15 dichloromethane. The combined organic extracts were washed with water until the wash
water was neutral. The organic solution was concentrated and the residue (255.0 g) was
triturated with diisopropyl ether (250 mL). The crystalline solids were collected, washed
with diisopropy! ether and dried to give 108.6 g of rapamycin (86.6% purity, 77.4%
recovery). Concentration of the diisopropyl ether filtrates gave 100.2 g of oil having a

20  23.1% rapamycin content.

Example 8

Aqueous 0.5 N sodium hydroxide (400 mL) at 0-5°C was added to a vigorously
25  stirred chilled (0-5°C) solution of concentrated fermentation broth extract (198.5 g, 8.3%
rapamycin content) taken up in 800 mL of t-butyl methyl ether at such a rate so that the
temperature could be maintained at 0-5°C. After vigorous stirring for 5 minutes, the
lower aqueous basic layer was removed and stored at 0-5°C. The organic layer was re-
extracted with two 200 mL portions of 0.5 N sodium hydroxide solution at 0-5°C. The
30 aqueous basic extracts were combined and re-extracted with t-butyl methyl ether (200
mL). The t-butyl methyl ether solutions were combined and washed with water until the

wash was neutral (pH=7). The aqueous washes were combined and extracted with t- - |
butyl methyl ether (100 mL). The t-butyl methj'l ether solutions were combined, washed
with saturated aqueous sodium chloride solution, and concentrated under vacuum at
35 40°C. The residue was triturated with diisopropyl ether (85 mL) at 20-25°C for a
minimum of one hour and the mixture cooled to 0-5°C overnight. The crystalline solid
was collected using a sintered glass Buchner funnel and washed with a 4:1 mixture of
diisopropyl ether - t-butyl methyl ether at 20-25°C (5 x 20 mL or until filtrate was
colorless). The crystalline solid is dried to constant weight to yield 12.0 g of rapamycin
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and the residue (255.0 g)

Mother liquor concentrate (200 g, 25% rapamycin content) was dissolved with
stirring in t-butyl methyl ether (800 mL) at room temperature. The stirred solution was
cooled to 0-5°C and extracted without delay with 270 mL of 0.65 N sodium hydroxide
solution, pre-cooled to 0-5°C, while maintaining the temperature of the mixture at 0-5°C.
(The amount of aqueous sodium hydroxide necessary to have a final pH of 12 in the
extract was determined on an aliquot of the concentrated mother liquor.)

The aqueous base layer was stored at 0-5°C while the organic layer was washed with
5% sodium chloride solution while maintaining the mixture at 0-5°C. The aqueous basic
extract was back extracted with t-butyl methyl ether (100 mL). The organic layers were
combined and washed with three 200 mL portions of 5% sodium chloride solution (pH
of final wash solution was 7.4). The organic solution was concentrated under reduced
pressure (60-130 mmHg) at a temperature of 25-40°C. Cyclohexene (80 mL) was added
slowly over 30 minutes to the residue with stirring at room temperature and stirred until
crystallization was complete (3 hours). The mixture was stirred at room temperature for
one hour more and the mixture chilled to 0-5°C and stirred overnight. The off-white
crystalline solid was then collected on a fritted glass Buchner funnel. The solid was
washed five times with 40 mL portions of a 2:3 mixture of t-butyl methyl ether and
cyclohexene. The solid was dried to constant weight in a vacuum oven at 35-40°C to
obtain 22.7 g of rapamycin (90.6% pure, 41.4% recovery). Concentration of the filtrates
and washings (t-butyl methyl ether and cyclohexene) gave 60.1 g of an oil having a
37.5% rapamycin content.

extracted with
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rapamyci n content. B A N’\:‘M S'{E —Example 8
Aqueous 0.5 N sodi um hyc gﬁf—dg 406+ al 0-5'C was added t vi gor ousl y

25 stirred chiIIed(O [ @rr |o1 f concentrated fer E ’r
extract (198.5 g, 3% igﬁy‘% nfent) taken up in 8Iﬂml ,"mm, Im
t-butyl net hyI &p% such a rate so tihat the tenperature coul d'

mai nt ai ned at% Af tier vigorous stirrifjng for 5 mnutes, the Iovver
aqueous basic | ayer was at 0-5[err]C. The organi c layer
was re- extr acA gﬁbc‘é’ssI for s¥faraAfng a%ao?&fde'f?d}ﬁ a@ithcobgsﬁ\'aﬁ)gé 182519'51' de
solution at 0-5 eous .basi ¢ extractis were co |ne

re-extracted V!P{P sbm?ss«;pt ‘H@t’?ﬂ‘f'}& foaipisg splution wh Gompfises que SLPpre mehyl
et her sol uti orfellowing poaetsesichngocienashed with water until the wash
was neutral (pH=7). The aqueous washes were conbi ned and extracted with t-
butyl net hyI et her (100 The t-butyl nethyl| ether solutions were
conmbi ned, wasted? solgtxon &ftaﬁi @aﬁfﬂx‘%léévﬁéﬁié@ﬂgsc%ﬁﬂﬁnéﬁl%ff?% With aqueens, and
concent rat ed undbasetasubstntillydemovellencidicGmpititiesf €si due was triturated with
di i sopropyl ether (85 nL) at 20-25[err]C for a

b. a solution of said macrolide in a water-immiscible solvent is extracted with aqueous

acid to substantially remove all basic impurities;

c. asolution of said macrolide is subjected to one or more of the following in order to
remove non-polar neutral impurities: _
(i) extraction with a non-aromatic hydrocarbon solvent in which the macrolide
is insoluble,

(ii) treatment with a sufficient quantity of a miscible macrolide non-solvent to
cause the macrolide to become insoluble in the resulting solvent mixture and
thus separate from the solution whereby the macrolide can be separated from
the solvent mixture,

(iii) triturate with a macrolide crystallizing solvent .

2. A process according to Claim 1 in which in step (c) the solution of said macrolide
is a solution in a water immiscible solvent.

3. A process according to Claim 1 or Claim 2 in which the extraction of acidic -
and/or basic impurities is carried out at a temperature from about -5°C to about 45°C..

4. A process according to Claim 1 or Claim 2 in which the extraction of acidic
and/or basic impurities is carried out at a temperature from about -5°C to about 10°C.

5. A process according to any one of Claims 1 to 4 wherein the macrolide
containing solution is a macrolide-containing fermentation broth extract concentrate or a

mother liquor concentrate. I
I
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m ni rum of one hour and the m xture cooled to O-5[err]C overnight.

crystalline solid

and washed with a 4:1 m xture of di i sopropyl ether. - t-butyl
ether at 20-25[err]C (5 x 20 nL or until filtrate was colorless). The

crystalline solid is dried to constant weight to yield 12.0 g of

-12-
met hyl

rapanmyci n content.

The

was collected using a sintered glass Buchner funnel

met hyl

rapanmycin

(91. 2% purity, 66.4%recovery). Concentration of the t-hutyl

ether filtrates and washi ng gave 63.9,g of a gum havi ng

" Hllllll Hllll i llll

6. A process according to Claim 5 wherein the non-polar neutral components of the
macrolide-containing fermentation broth extract concentrate or mother liquor concentrate

are removed by extraction of a solution of said concentrate in a first solvent with a

second non-aromatic hydrocarbon solvent immiscible with the first solvent and in which
the macrolide is insoluble.

7. A process according to Claim 5 wherein the water-immiscible solution containing
the macrolide after extraction of acid and/or basic components is treated with a sufficient
quantity of a miscible macrolide non-solvent to cause the macrolide to become insoluble
in the resulting solvent mixture and thus separate from the solution whereby the
macrolide can be separated from the solvent mixture.

8. A process according to any one of Claims 1 to 5 wherein the water-immiscible

. solution containing the macrolide after extraction of acidic and/or basic components is
concentrated and the residue crystallized by admixture with a crystallizing solvent or-

solvent mixture.

9. A process according to any one of Claims 1 to 5 wherein the water-immiscible
solution containing the macrolide after extraction of acid and/or base components is

. concentrated and the residue is dissolved in a first solvent and extracted with a second

non-aromatic hydrocarbon solvent immiscible with the first solvent and in which the
macrolide is insoluble to remove the neutral non-polar impurities.

10. A process according to Claim 5 wherein the fermentation broth extract
concentrate or mother liquor concentrate is first dissolved in a first solvent and extracted
with a second non-aromatic hydrocarbon solvent immiscible with said first solvent, to

“remove the non-polar neutral impurities, the solution in the first solvent is then

concentrated and the residue dissolved in a water immiscible solvent and extracted with
aqueous base and/or acid to remove acidic and/or basic impurities.

11. A process according to clairh any one of Claims 1 to 10 wherein the non-aromatic
hydrocarbon solvent is cyclohexane, cyclohexene, hexane, heptane or pentane or a
mixture thereof.

a 3.63%
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5 ¢ T Exanpl e 9 Mot her
| i quor concentrate (200 g, 25% rapanycin content) was dissolved with
stirring in t-butyl methyl ether (800 nL) at roomtenperature. The stirred

sol ution was cooled to 0-5C and extracted w thout delay with 270 nL of
0. 65 N sodi um hydroxi de 10 solution, pre-cooled to O-5[err]C, while
mai ntai ning the tenperature of the mxture at O0-5[err]C (The am)unt

of aqueous sodi um hydroxi.de necessary to have a fina

extract was determ ned on an aliquot of the concentrated
The aqueous base | ayer was stored at O-5[err]C while _tm‘m ‘uu mm“

washed with 5% sodi um chl ori de sol uti on while nai esm~xture
at 0-5[err]C. The aqueous basic 15 extract was back extracted with t-butyl
met hyl ether (100 nlL). The organic | ayers-19ere conbi ned and washed

with three 200 nL portions of 5% sodi um chl oride sol uti.on (pH of final

wash solution was 7.4). The organic solution was concentrated under reduced

pressure (60-1 at a te erature of 25-40[err]C _Cycl ohexene (80 ni)
was added F& m}%&aoser ghier daim apyrons qf@?%ﬁel\ﬂﬁ)tlﬂl in twhichi thg weaterr oom

EI‘ ﬁrrper a: ure armhmrmlbllesdlvanttmldlcﬂﬂbromeﬂ]m ﬁbtﬁtylzﬁbths)ﬂet\h@ls eﬁ@!"ﬂée@it@ é%l?g&bg%sz o
e mxture r r
m xture chill aé&dl Elgﬁﬂﬁh {'E% nrgr 2 H‘(S?/’e? ﬁ1°5f?f‘°’°&‘?¥3 %F& W’f‘é‘re or a

hexane/methylene chlonde Imxture

13. A process according to claim any one of Claims 1 to 12 in which the aqueous
base is sodium hydroxide, sodium bicarbonate, sodium carbonate or ammonium
hydroxide.

14. A process according to claim any one of Claims 1 to 13 in which the aqueous
acid is hydrochloric acid, monopotassium phosphate or monosodium sulfate.

15. A process according to any one of Claims 1 to 14 wherein the macrolide is a
tricyc_:lic macrolide.

16. A process according to Claim 15 wherein the tricyclic macrolide is rapamycin or
a naturally occurring homolog or analog thereof or FK-506 or a naturally occuring
homolog or analog thereof.

17. A process according to Claim 15 wherein the tricyclic macrolide is rapamycin,
32-desmethylrapamycin or 15-deoxorapamycin.

This Sheet Has Been Rep
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cr-rs@ta.LI ine solid was then collected on a fritted glass Buchner funnel. The
SO

I'd was washed five tinmes with 40 nL portions of a 2:3 m xture of
t-butyl. nethyl ether and cycl ohexene. The solid was dried to constant
wei ght in a vacuum oven at 35-40[err]Cto 25 obtain 22.7 g of rapanycin
(90.6% pure, 41.4%recovery). Concentration of the filtrates and
washi ngs (t-butyl nethyl ether and cycllghexene) gave 60.1 g of an oil
having a 37.5% r.apanycin content™ CLAI V5:

ABSTRACT
' NEW EXTRACTIVE PROCESS FOR THE RECOVERY OF
TURALLY QCCURRI ROLIDES

This invention concemns a process for separating a macrolide from acidic, basic and non-
polar neutral impurities present in a macrolide containing solution which comprises one
or more of the following processes in any order:

a. a solution of said macrolide in a water-immiscible solvent is extracted with aqueous
base to substantially remove all acidic impurities;

b. a solution of said macrolide in a water-immiscible solvent is extracted with aqueous
acid to substantially remove all basic impurities;

¢. asolution of said macrolide is subjected to one or more of the following in order to
remove non-polar neutral impurities:
(i) extraction with a non-aromatic hydrocarbon solvent in which the macrolide
is insoluble,

(ii) treatment with a sufficient quantity of a miscible macrolide non-solvent to
cause the macrolide to become insoluble in the resulting solvent mixture and
thus separate from the solution whereby the macrolide can be separated from
the solvent mixture,_

(iif) triturate with a macrolide crystallizing solvent .
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1. ° A process.for separating a neutral macrolifle fRBMhAtci die) Bagie ands
non-pol ar neutral inpurities present in a concent rgt}%%@ﬁ?*ﬁffé‘sr?rmﬁt:iaﬁ’bn et Ix..

extracts or

conprises in any order extraction step (a) and opt4 éhawiag(dneaged hotth pafed.....

R . TeoTETF TS

not her |iquors containing said neutrhl®fE&idh) de pabedi®e. to paged ..

st-ep ey ol lows: (a) a-3el ution| df ‘galrecicongepid al.€o igded

wat gr - Cﬂm‘@@mlm is extracted at a ! tenperature from about

-5[ 4rrf] C&éo apout 45Clwi th aqueous base to substangiah! gy poppy eNpyg all

acidid iRANUGT8E; [(h) A arookubi POROEESARATEROTETNY G EAT A ROLT DR ms

wat gr -li mm sci bl e solvent is extracted at a tenperature from about

-5[grr] C to about Clw th aqueous acid to substantially renove all

basile—lnpurities: (c a solution of said concentrate is subjected to one

or nore of the faishoehiigh delategtsler to renmove non-pol ar neutral

| mpurities: (1) extraction wth non-aromati c hydrocarbon, sol vent
_in which the nmacrolide i s ng%ﬁsﬁ’i %e’punﬁng a nedtral”

macrolide, especially a tricyclic macrolide such as rapamycin, 32-desmethylrapamycin,
15-deoxorapamycin, or FK-506, from other naturally occuring components that are
obtained by fermentation processes. More specifically, this invention relates to a
process for recovering the tricyclic macrolide rapamycin from fermentation broth extract
concentrate and from mother liquor concentrate.

The tricyclic macrolides exemplified by rapamycin and FK-506 have
immunosuppressant acti?ity as well as antibiotic and other pharmacological activities
and are useful in treating graft and transplant rejections, dis=ases of inflammation, and
autoimmune diseases such as lupus, rheumatoid arthritis, diabetes mellitus and multiple
sclerosis.

The tricyclic macrolides rapamycin, 32-desmethylrapamycin, 15-deoxorapamycin
and FK-506 are produced by fermentation of various strains of Streptomyces under the
proper conditions and are neutral as there is no basic amino- group, phenolic or
carboxylic acid groups present. Rapamycin is produced by culturing S. hygroscopicus
NRRL 5491 in an aqueous medium. Mycelia containing the tricyclic macrolide are
recovered from the growth medium and extracted with a organic solvent such as
methanol to obtain a mixture comprised of the desired tricyclic macrolide, related
compounds, acidic compounds such as fatty acids, basic compounds-such as alkaloids
and peptides, and neutral lipophilic compounds suich as fats. Typically, the fermentation
broth extract is concentrated to facilitate transportation and/or storage until the macrolide
can be isolated. Isolation and purification of the tricyclic macrolides from the -

fermentation broth extract has been, prior to this invention, a laborious expensive process

employing various chemical and chromatographic techniques to obtain purified material.
(U.S. 5,091,389; U.S. 3,993,749; WO 93/11130; Sehgal, J. of Antibiotics
28(10)727(1975)]. The fermentation broth extract concentrate for rapamycin contains
only 5 to 15% rapamycin and vp to about 50% acidic components, for example, and
rapamycin rnust be separated from the other components. Typically, processes for
recovery of the tricyclic macrolides from fermentation broth extracts involves adsorption
on and desorption from activated carbon, selective solubility procedures, and one or
more time consuming -and expensive chromatographic procedures using column
chromatography and/or high pressure liquid chromatography. Heretofore, acidic or basic
conditions have been avoided as tricyclic macrolides such as rapamycin are considered



_(ii) treatment with a sufficient quantity of a mscible
hon-sol vent to cause the macrolide to becone i
resulting solvent m xture and t hus separate fr
whereby the macrolide can be separated fromthe

(i-i1) triturate with a macrolide crystallizing sol vent.
according to Cdaiml in which in step 6¢) the sol ution Jof
a solution in a water inmmscible solvent. 3 . A pr
Caiml or Aaim2 in which the extraction of acidic an
inpurities is carried out at a tenperature fromabout -5[err]C to abou

10[err]C. (5 be unstable under acidic or basic conditions. ‘Rapamycin in water-miscible solution,

i.e., in methanol or tetrahydrofuran, undergoes degradaiion by inorganic bases such as
aqueous sodium hydroxide, orga.m’c bases such as 4-dimethylaminopyridine (DMAP) or
1,8-diazobicyclo[5.4.0Jundec-7-ene (DBU) or aqueous mineral acids such as
hydrochloric acid and Lewis acids such as zinc chloride [Steffan et al.,, Tetrahedron
Letters (in press), D. Yohanes and S. J. Danishefsky, Tetrahedron Letiers 33(49), 7469-
7472 (1992); Luengo et al., Tetrahedron Letters 34(6), $91-994 (1993) and D. Yohannes
et al., Tetrahedron Letters 34(13), 2075-2078 (1993)].

This invention provides a relatively fast and efficient process for recovery of a
macrolide, especially a tricyclic macrolide, from a solution containing impurities and
more specifically rapamycin, from fermentation broth extract concentrates and motber
liquors or concentrates thereof obtained from recrystallization solvents, triturations and
product washings and avoids the time consuming and expensive chromatographic
separations exemplified in  U.S. 5,091,389; U.S. 3,993,749; WO 93/11130; and Sehgal,

J. of Antibiotics 28(10)727(1975).

‘Accordingly this invention provides a process for separating a neutral macrolide
from acidic, basic and non-polar neutral impurities present in a concentrate of
fermentation broth extracts or mother liquors containing said neutral macrolide which
comprises in any order extraction step (a) and optionally one or both of steps (b) and
(c) as follows:

a. a solution of said concentrate in a water-immiscible solvent is extracted at a
temperature from about -5°C to about 45°C with 2queous base to substantially

remove all acidic impurities;

b. a solution of said concentrate in a water-immiscible solvent is extracted at a
temperature from about -5°C to about 45°C with aqueous acid to substantially

remove all basic impurities;

c. asolution of said concentrate is subjected to one or more of the following in

order to remove non-polar neutral impurities:
(i) extraction with a non-aromatic hydrocarbon solvent in which the mzcrolide

is insoluble,



-14- 4. A process according to any one of clains 1 to 3 wherein the
non-pol ar neutral conponents of the neutral macrolide-containing
fermentation broth extract concentrate or nother |iquor concentrate are
removed by extraction of a solution of said concentrate in a first sol vent
wi-t h a second non-aromati c hydrocarbon solvent inmmscible with the first
solvent and in which the neutral macrolide is insoluble. 5. A process
according to Claiml or Claim2 wherein the water-inmm sci ble sol ution
containing the neutral nacrolide after extgaaction of acid and/or basic

conponents is tregfjpdeainbht \ﬁtlﬁé‘iuffﬁé}ér@&ﬁanﬁwfa'nh%xmé macrdlisehdll-@veRewo! i de
non-sol vent to cause the mac([i& g to beﬁ&m i.nsol ubl e ln the resulting
sol vent mixture arfduseiemagrplifetodesqmsinsolnblesn theeslimgsofenmixmue At r al
macrol i de can be &E\Me?ir@ﬁﬁdn@tﬁhkdﬂ&h@ﬂlhé@dhy i nedcuslile cafbbe separhtedIfRBESS
according to d ai B]E‘er%ﬂ?r aim2 wherein the water-inmscible solution

containing the ne Ve B %e after extraction of acidic and/or basic
conponents is concentrated and the residue crystallized by adm xture with a

crystallizing (iii) triturate with a macrolide crystallizing solvent .




sol'vent or solvent mxture. 7. A process according to Caim1l wherein
the fernmentation broth extract concentrate or nother |iquor concentrate is
first dissolved |naf|rst solvent and extracted with a seco tic
hydr ocar bon sol vent i ihle with said first solvent, to renove tiﬁLnon-

pel ar neutral inpuritie Rﬂfg}éw )ggid ;h\?vaz ;;St nm“l“ﬂ ‘u“‘m\‘

concentrated and the refsi ] e

extracted with aqueous jbgs aci 0 renove aci dt ¢ and/ or ba5| c

i npurities. g i A prjo eggggg@gﬁ%ﬂang ¢ “any one of Clains 1 to 7 wherein
t he non-ar ogd F% Sr'lydro a ol vent i ycl ohexane, cycl ohexene, hexane,
hept ane or pentane or m xture thereor.; 9. A process according to
clai many one of d ai ' Lch the water- imm scible solvent is
di chl oronet hane, t-butyl nethyl ether, ethyl acetate, toluene, 1- butanol,
an ethyl ackt ate&puicasrfer H&pﬂt&lfn@aﬂedmebhﬂtmﬂldé fepim acieicabsiorand neepolaf a

hexane/ met hr}éute ﬂ?mﬁurlit%rs presenrﬁn a toncentrate of fermentation broth extracts or mother liquors

containing said neutral macrolide which comprises in any order extraction step (a) and
optionally one or both of steps (b) and (c) as follows:

(a)  asolution of said concentrate in a water-immiscible solvent is extracted at a
temperature from about -5°C to about 45°C with aqueous base to substantially
remove all acidic impurities;

(b)  asolution of said concentrate in a water-immiscible solvent is extracted at a
temperature from about -5°C to about 45°C with aqueous acid to substantially
remove all basic impurities;

()  asolution of said concentrate is subjected to one or more of the following in order
to remove non-polar neutral impurities:
() extraction with a non-aromatic hydrocarbon solvent in which the macrolide
is insoluble,

(ii) treatment with a sufficient quantity of a miscible macrolide non-solvent to
cause the macrolide to become insoluble in the resulting solvent mixture and
thus separate from the solution whereby the macrolide can be separated from the
solvent mixture,

(iii) triturate with a macrolide crystallizing solvent .

2.  Aprocess according to Claim 1 in which in step (c) the solution of said macrolide is
a solution in a water immiscible solvent.

3.  Aprocess according to Claim 1 or Claim 2 in which the extraction of acidic and/or
basic impurities is carried out at a temperature from about -5°C to about 10°C.



10.” A process according to claimany one of Clainms 1 to 9 in which the
-aqueous base i s sodi um hydr oxi de, sodi um bi car bonat e;—sodiumcarbonate—or

(ﬂm)ni o hydrzxio(rjgéesé according to claimany one of mmlHH"H"lHLg(Hl!It L

whi ch the aqueous acid is hydrochloric acid, nonopotassi um phoa
nonosodi um sul f:at e. 1 2. A process accordl ng to any one of CI ains 1 to
11 wherein the nmacrolide is a -14-

4. A process according to any one of claims 1 to 3 wherein the non-polar neutral
components of the neutral macrolide-containing fermentation broth extract concentrate or
mother liquor concentrate are removed by extraction of a solution of said concentrate in a
first solvent with a second non-aromatic hydrocarbon solvent immiscible with the first
solvent and in which the neutral macrolide is insoluble.

5. A process according to Claim 1 or Claim 2 wherein the water-immiscible solution
containing the neutral macrolide after extraction of acid and/or basic components is treated
with a sufficient quantity of a miscible macrolide non-solvent to cause the macrolide to
become insoluble in the resulting solvent mixture and thus separate from the solution
whereby the neutral macrolide can be separated from the solvent mixture.

6. A process according to Claim 1 or Claim 2 wherein the water-immiscible
solution containing the neutral macrolide after extraction of acidic and/or basic
components is concentrated and the residue crystallized by admixture with a crystallizing
solvent or solvent mixture.

7.  Aprocess according to Claim 1 wherein the fermentation broth extract concentrate
or mother liquor concentrate is first dissolved in a first solvent and extracted with a second
non-aromatic hydrocarbon solvent immiscible with said first solvent, to remove the non-
polar neutral impurities, the solution in the first solvent is then concentrated and the residue
dissolved in a water immiscible solvent and extracted with aqueous base and/or acid to
remove acidic and/or basic impurities.

8. A process according to any one of Claims 1 to 7 wherein the non-aromatic
hydrocarbon solvent is cyclohexane, cyclohexene, hexane, heptane or pentane or a mixture
thereof.

9, A process according to claim any one of Claims 1 to 8 in which the water-
immiscible solvent is dichloromethane, t-butyl methyl ether, ethyl acetate, toluene, 1-
butanol, an ethyl acetate/toluene mixture, a heptane/ethyl acetate mixture, or a
hexane/methylene chloride mixture.

10. A process according to claim any one of Claims 1 to 9 in which the aqueous base
is sodium hydroxide, sodium bicarbonate, sodium carbonate or ammonium hydroxide.
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tricyclic macrolide. 13. A process according to d aim 12 wherein the

tricyclic macrolide is rapanycin or a naturally occurring—hoetroleg—er—anal og

t hereof or FK-506 or a naturally occuring honol og or I 14.
A process according to Claim12 wherein the tricycli cmm ﬂﬂ":l "ili ”"l
rapanmyci n, 32- desnethylrapamycin or 15-deoxorapanyCite ¢ L n s =

=15~
11. A process according to claim any one of Claims 1 to 10 in which the
aqueous acid is hydrochloric acid, monopotassium phosphate or monosodium sulfate.

12. A process according to any one of Claims 1 to 11 wherein the macrolide is a

tricyclic macrolide.

13. A process according to Claim 12 wherein the tricyclic macrolide is rapamycin or a
naturally occurring homolog or analog thereof or FK-506 or a naturally occuring homolog '

or analog thereof.

14. A process according to Claim 12 wherein the tricyclic macrolide is rapamycin, 32-
desmethylrapamycin or 15-deoxorapamycin.
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