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METHOD FOR SEPARATING ANALOGOUS ORGANIC COMPOUNDS

TECHNICAL FIELD

The present invention relates to a method for separating
analogous compounds, more particularly a method for separating a
lactone-containing high-molecular weight compound having an alkyl
group as its side chain from a lactone-containing high-molecular weight
compound having an alikkenyl group as its side chain by using a sulfonic
acid group-containing strong cation exchange resin pretreated with silver

ons.

BACKGROUND ART

[t is conventionally known to use siver ions for separating cis-
trans isomers of an unsaturated aliphatic acid having the same carbon
number (J. Chromatography, 149{1978) 417-). However, it has not been
found out yet how to effectively separate compounds which are slightly
different in a part of molecular structure, e.g., a compound having an
alkyl group as its side chain from a compound having an alkenyl group as
its side chain. This is because such compounds have the same or
almost the same carbon number and are similar to each other in physical

properties such as solubiity in and aflinity to solvents.

DISCLOSURE OF INVENTION

The inventors of the present invention have made extensive
studies for a method for effectively separating compounds resembiing
each other in physical properties without changing the compounds
themselves. Unexpectedly, they have found a method for separating
compounds resembling each other in physical properties, i.e., a lactone-
containing high-molecular weight compound having an alkyl group as its
side chain from a lactone-containing high-molecular weight compound
having an alkenyl group as its side chain, thc lactone-contaimng high-
molecular weight compounds having a corumon basic chemical structure,
by using a sulfonic acid group-containing strong cation exchange resin

pretreated with silver ions.
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aci d group-containing strong cation exchange resin pretreated with silver
ions. BACKGROUND ART |5 It is conventionally known to use silver ions for
separating cis- trans isoners of an unsaturated aliphatic acid having the
same carbon nunber (J. Chromatography, 149(1978) 417-)_ However, it has
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using a sulfonic_acid ¢group-containing strong cati on exchange resin
pretreated w tFs¥ |DRY Porfs. b3se f NpveRSMP0 P8 AsSEERTCa R BIoBEBPes of the
sul foni c aci d groybeaeha{DVBY Gta bag oftdlidaogelexchange resins, mentioned
are a synthetic base,or se of i) | I el -type resins
and porous resins vmi}scﬁx%g ?eb?eoﬁsbézgzel\iﬁsélr%tggﬁp%?gr g%&%\?@%{%%ﬁg csg[‘r%r?gt be
used with a notRisinegxciange resingnde-5snlfghripd sopelysnara of A rofd Blenestrbe used

with both pol aindndBE)eidtidiled SR VANED (SHeskd, e-IMS¥BY HPE Sel-gCPbrRd
according to the polarity of 3n, lyent Used iced by Mitsubishi Chemical
Corporation, Japan), Amberiite® (IR120B, [IR200) and Duolite ® (C20,
C26) (trademark, produced by Rohm & Haas Company), Dowex ® (50W-
X8, MSC—I) (trademark, produced by Dow Chemuical Corﬁpany}, [onac ®
20 {C-240) (trademark, produced by Sybron Chemicals [nc.) and Lewatit @
{S-100, SP senes) (trademark, produced by Bayer Corporation).

As examples of benzenesulfonic acid group-containing strong
cation exchange resias having silica gel as a base, mentioned are strong
cation exchange resins coated with a benzenesulfonic acid group-

25 containing silicone polymer such as Capcell’ Pak® (SCX series)
{trademark produced by Shiseido Company Limited, Japan) whose base
1s coated with a thin film of silicone polymer and to which a sulfonic acid
group at an end is then introduced.

Among these benzenesulfonic acid group-contaimng strong

30 cation exchange resins, Diaion® {(RCP series and PK series] and Capcell

. Pak® {SCX seriecs) are particularly preferred.

The silver ion usable for pretreating the sulfonic acid group-
containing strong cation exchange resin may preferably be provided from
various silver salts which can produce silver ions in water, such as silver

35 nitrate, silver perchiorate or the like.

The sulfonic acid group-containing strong cation exchange resin

may be pretreated with the silver ion by passing an aqueous solution of
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The sul fonic acid group-containing strong cation exchange resin may be a
benzenesul foni ¢ acid group-containing strong cation ex&gyﬁqénmﬂ@09é5|n
havi ng benzenesul fonic acid groups at an end. For exanple, the resin may be
a base of a copolynmer of a styrene nononer and divinyl benzene (DVB), or a
base of silica gel. As exanples of benzenesuifonic acid group-containing
strong cation exchange resins, i.e., sulfonated copolyners of styrene
nononer 15 and DVB, nentioned are D ai onO (SK series RCP series, F-1PK

series, PK seri S demar k, duced by M t subi Shl
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wat er, such as el mehm@Seh_rcimattogcawyl Meledperithl the akalfodict beidl igi@up-The
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pretreatfg W th ver 1on passi_hg an-aqueous SO Ion of 2 24
Novenber *2003 t{He”8f (o elion ‘E"ﬁbP%tCHF'B RUut Witha spéabls ¢lycft saph st ype, or
if it is of an ddatoreypanidiyrecdtanayingeidte iantiant il Hcbyfeandashing with

water, adjusted 10 PRedacdift idllfoR 378D IR sBNE0 Uid Gl Wnllinkig® ST Vver
. ‘strong cation exchange resin pretreated with silver ions may be
conducted by a fixed bed system or a continuous bed system. The fixed
20 bed system includes a single bed system, a multiple bed system, a d‘ouble
bed system, a mixed bed system, an' ion exchange filtration system, a
circulatory system and the like, from the viewpoint of operational process.
The fixed bed system includes a down flow regeneration system, an
ascending flow regeneration system, a countercurrent ascending flow
- 25 regeneration sysﬁcm, a countercurrent rcgcneratibn system, an ex-
column regeneration system and the like, from the viewpoint of
regencration process. On the other hand, the continuous bed syétcm
includes a fluidized bed system {a countercurrent contacting system, a
multistage batch system), a moving bed system (an ascending type {(a
30 single column type, a multiple column type}, a descending type (a siﬁgle
column type, a muluple column type}, a simulated moving-bed system,
an c¢ndless belt system {a hquid-liquid extraction system)) and the like,
among which the simulated moving-bed system is efficient and suitable

for mass production.
35 ) The lactonc-containing high-molecular weight compound to
which the scparation method of the present invention may be applicable

means those having at least one lactone ring in their molecules and



pretreatnment with silver ions may preferably be carried out by charging 5
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suitable for nass produc actone- cont ai ni ng hi gh- nol ecul ar
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ol ecul es and a%kyl groups having a carbon number of 1 to 6 such as methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, 1sopentyl,
20 hexyl and the like, among which preferred are those having a carbon
number of 1 to 4 such as methyl, ethyl, propyl, isopropyl, butyl and

isobutyl.
As alkenyl group{s) as the side chain of the lactone-containing
high-moleeular weight compound having the common basic chemical
25 structure as the above-mentioned compound, mentioned are stratght or
branched alkenyl groups having a carbon number of 2 to 6 such as vinyl,
propenyl {allyl or 1-propenyl), butenyl, isobutenyl, pentenyl, hexenyl and

the like, among which viﬁyl and propenyl are preferred.

30 Preparation of 3 substance to be separated
A culture medium {100 mL) containing 1 % of cornstarch, 1 % of
glycerin, 0.5 % of glucose, 1 % of cottonseed meal, 0.5 % of dried yeast,
0.5 % of corn steep liquor and 0.2 % of calcium carbonate, adjusted to pH
6.5, was poured into eight 500 mL Erlenmeyer flasks and sterilized at
35 120 T for 30 minutes. A loopful of slant culture of Streptomyces
tsukubaensis No. 9993 {Deposit No. FERM BP-927 at the National

Institute of Bioscience and Human Technology, Agency of Industrnial



24 Novenber 2003 having a nol ecul ar wei ght of about 400 or nore. They may
be nmonocyclic, bicyclic, tricyclic or the like. Mre pfé&Pueapen2008hey are
formed of 12 or nore atons. Such nonocyclic conpounds i ncl ude
erythrornycins, |euconycins, nethynycins and the |ike- Such tricyclic 5
conpounds i nclude conmpounds having a lactone ring such as a tricyclic
conpound shown in EP0184162; hetero atons-containing tricyclic conpounds
shown in EP0427680, EP0532088 or v093/04680_ And the nost preferable one
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hexenyi and theudu, ked @ﬁ@f&rﬂ@fﬂt&haﬂ/ﬂ;@% @ndﬁgrmemu%%uﬁﬁsﬁ%f fcfb 30
Preparat | 18N of a substan tgl fsle})og)fg} ed A culture nedium (100

containi A3 1 % 0 BIRER4AERD 9 Mycerin, 0.5 %of glucose, I. % of
cottonseed neat, 0 SP)@COCFuldxrﬂ@darg@atst,s otdaibedwefs fimral by aefing Bqucgroand 0.2

% of cal cium Caﬂﬁ%ﬁ&&ou@@a@ edM}&hQHca@es we}‘@%xgggﬂ’eﬁduﬁtﬂt ? R gEt 200 ni L

Erl enmeyer flasks and sterjlized at m nut es. toopful of
sl ant cul ture O?Cc‘gfqeetﬁt%({ﬁrlr 9@@%. ofem;ract The acetone extract from the mycelial

cakes and the fitrate (2,700 L) were combined and passed through a
20 column of a non-ionic adsorption resin “Diaion HP-20" (trademark,
produced by Mitsubishi Chemical Corporation, Japan) (200 1). After
washing with 600 L of 50 % aqueous acetone, elution was carried out
with 75 % aqueous acetone. The solvent in the eluate was removed by
evaporation uader reduced pressure to give 40 L of an aqueous residue.
25 The residue was extracted with 40 L of ethyl acetate twice. The ethyl |
acetate extract was concentrated under reduced pressure to give an oily
residue. The oily residue was dissolved in a mixture of n-hexane and
ethyl acetate (1 : I, v/v, 3 L) and subjected to cohimn chromatography
using 70 L of silica gel {producéd by Merck & Co., Ltd. 70-230 mesh)
30 packed with the same solvent.

Elution was carried out successively with a mixture of n-hexane
and ethyl acetate {1 : 1, v/v, 420 L and 1 : 2, v/¢, 420 L), 210 L of ethyl
acetate and then 210 L of acetone. Fractions were collected at elution
volume from 350 L to 420 L (first eluate), from 490 L to 840 L (second

35 ch‘JaLel and from 980 L 1o {,190 L {third eluate}. The second eluate was
concentrated under reduced pressure, and acetone was added to replace

the solvent (50 mg/mL). Thus crude substance to be separated by



t sukubaensis No. 9993 (Deposit No. FERM BP-927 at the National Institute
of Bi osci ence and Human Technol ogy, Agency of | ndustri 24 Név@dbdaAdéiber 2003
Sci ence and Technol ogy, Japan, under the Budapest Treaty) was i nocul ated
to the mediumin each of the flasks and cultured at 30 "C for 72 hours on
a rotary shaker. This culture was transferred as a seed culture to 160L of
the sanme nmedi um which was contained in a 200 L 5 jar-fernentor
pre-sterilized at 120 C for 30 mnutes and to which 0.05 % of Adekanol Q
(def oam ng agent, trademark, produced by-Asahi Denka Co., Japan) and 0.05
% of silicone {(quatducedmayohpnettis SEhaimeeal Co., Japan) had been added.
This was pre-cultured at 30 C for 48 hours wth agitation at 200 rpm under

aeration of 160 L/mn. This pre-culture, 10 30 L, was inoculated to 3,000 L
of a product i oRRHEIPEHHGHIPRNOE PrE-DRAWINGBzed at 120t for 30 minutes

containing 3 % of satgbl & $EAEGBHRS: %/@pataﬁumeﬁtccg@&m cthﬁla%&afaBH% I5 eo/ f
o 0

yeast, 0.6 %of .cor al ci.um car bonat e,
Adekanol 0 and"¥"H %)08®91€(|:[L @ﬁ@rﬁﬁeé ‘£“‘f‘th ?grﬂE O%HdWas fernented at 25
"C for 168 hours w tihg.dyist athaom S@bMﬂ@senaSahmnbunmémmalerkabmmompﬂy 500

L/ mn. The CU'&%%@&&/ ﬁaﬁ@@&wm&f&%wﬁﬁéﬂuz; &1ed by using 50 kg of
di at onaceous eart celi al cakes were extracted with 1,000 L of acetone

to give 1,000 L_of extract. acetone extract fromthe nycelial cakes

and the filtrate>t Y986 WQRWY&H%?H'@J%&N@géQNt hrough a 20 col urm of

a non-ip@i c-adsor pt l'ﬂh@ fRSiing HRadd§18s bR @0cn bhiya@emhe kurpd¥eaguced by
M t subi shi Chem cal Cor: oratlon Japan) (200 L 1 After washing with 600 L |

of 50 % agueouSUaERE¥E ¢ RESEIIAVERLORE By ey de@il with 75 % aqueous
acetone. The slf)l vent in the eluate was renoved by evaporation under

reduced pressurd i dive 40 L of an aqueous residue. 25 The residue was :
extracted wit Bepardticgf It hydlumeet duomatpgrephThesérgyPiaien®@t KGF 16QM act was

concentrat ed ypdgimhadYseduddaess Mitub® e AR 0t dhord&stl, dd@anfThe Oi ly
resi due]L%Nas d| ssolved in a m xture of n-hexane and ethyl acet ate (1: 1,

v/iv, and subjected to colum chromat ography wusing 70 L of silica get
(produced by NeyTkan€o of hibidn@&/RCPIOOMe sh)ion 3lchacgect s, twith hesilsae
sol vent Elutiqq,Mas carried out successively with a mxture of n-hexane
iMm aqueous silver nitrate solution (3 column volume) was passed
through Diaion® RCP160M (H* type), which was then washed with water
20 (4 column volume) to remove an excess of silver nitrate. The ion
exchange resin was equilibrated with methano!l {4 column volume) and

then with a mixture of ethyl acetate and methanol (1 : 1)

{2) Separation test using a single column
25 The crude substance to be separated- by column chromatography
obtained as described above was subjected to column chromatography
using Diaion® RCP160M treated with the aqueous suver nitrate solution.
Separation was carried out using a column of 20 mm¢@ X 500 mH {425
1t m) {150 mL) and a mixture of ethyl acetate and methanol (1 : 1) as an
30 eluent at a load of 10 g/L-R in terms of tacrolimus, a flow rate sv = | and
a temperature of 30 T. The obtained separation pattern is shown in Fig.
L ;
Tacrolimus, ascomycin and 17-propyl-1,14-dihydroxy-12-{2-{4-
hydroxy-3-methoxycyclohexyl)- 1-methylviayl]-23,25-dimethoxy-
35 13,19,21,27-tetramethyl-1 1,28-dioxa-4-azatrcyclo-{22.3.1.0*%octacos-
[8-ene-2,3,10,16-tetracne {referred (o as Compound A hereinafter) were
isolated and identified.



and ethyl acetate (1 : 1, v/v, 420 L and 1 : 2, v/v, 420 L), 210 L of ethyl
acetate and then 210 L of acetone. Fractions were col | éttewernberei8i on
volume from350 L to 420 L (first eluate), from490 L to 840 L (second 35
eluate) and from980 L to 1, 190 L (third eluate). The second el uate was
concentrated under reduced pressure, and acetone was added to replace the
solvent (50 rng/nmL). Thus crude substance to be separated by 5 24 Novenber
2003 col unmm chronmat ography was obt ai ned BRI EF DESCRI PTI ON OF THE DRAW NGS
Fig. I is a chart show ng separation by col um chromatography 5 using
Diaion @RCP | 60M pretreated with silver ions; and Fig. 2 is a chart

show ng separ at iEampe 2ol urm chr omat ogr aphy usi ng Capcel | Pak(r) SCX

pretreated W th gl M&hn RNSotudh Lh: Olﬂpﬁ %@@I %% ENTI ON
The: fol | owi ng Exa%%lesnégg OFVen oﬁﬁ%ﬁg rt egéﬁﬁpq eééy Il %%F&%#ﬁﬁé t he
present invent i dFA4GREr BrfBicsH| LYEShiFide £ommepakigiicgnJagadol um

chr omat ograaphy using Di ai ong RCP160M (trademark, produced by M tsubish
Chem cal Cor por at,i ) Treatnent of Diaion(r) RCP160M an ion
exchange resin,?Qfgﬁa%&ggﬁgé?&$§§gfmfﬁf58&5%33 silver nitrate solution (3
col.um vol une) was paS¥edrudeisubagrcOiabontesraROHLEOMIEH cltgpefograbiizh was
then was h$ﬂ Wi t Bb&&ﬁ{e@rhin@c(slﬁn@hﬁﬂﬁer\@i Bk abdh1é Qm@%&ﬂe&é&%&o@zﬁél : ver
nitrate. e ion__exchan resin was uj Li t t h met hanol (4 col um
vol une) and th&RR FRERERY (iPe CHPoel ﬂ’?*‘l@agéga‘ﬁgﬁﬁnﬁd‘dﬁ%ﬁi’gnm&(igl‘l".ﬂ‘_f 1). (2)
Separ at i df t est iomsi nYerarstioglhadqirificaties WErecayriad ®us bip stsénce coline of
separated- by cgbuim ¢Ch oBRl.Q8f @BNY.) @BLALNSSH 85085 5E LhefARaY S

subj ected to col um chronatogra%hy .Uging D al on+ RCﬁFGONItreate&&%fth t he
aqueous silver nitrate solution- Separation-was carried out using a colum
of 20 mind) X 500 nH (425 a m (150 nL) and a m xture @b widydtraedjate and
met hanol (1 : 1) as an



30 eluent at a load of tOg/L-Rin terns of tacrolinus, a flowrate sv =1

and a tenperature of30 t_ The obtained separation pat2&Nevesbedifid in Fi g.
| . Tacrolimus, asconycin and | 7-propyl- 1, 14-di hydroxy-12-(2-(4- hydroxy-3

- met hoxycycl ohexyl ) - 1-met h_yl vi nyl ) - 23, 25-di rnet hoxy 35 13,

[9, 21, 27-tetranet hyl - 11, 28-di oxa-4-azatrieycl o-(22-3. 1. 04-9)oct acos-
t8-ene-2, 3,10, 16-tetraone (referred to as Conpound A hereinafter) were
isolated and identified 6 24 Novenber 2003 Exanple 2 Separation by colum
chromat ogr aphy using Capcell Pak) SCX UZ0 (trademark, produced by

Shi sei do Conpany otisnd/tel in Japendf GctdimSERANSH AR &St YSIfAG@ 18I ngle

col umm The crudeOﬁgﬁééaagcc%réé)onbea&%%ara ed b%é?col um chr onmat ogr aphy
obtained in the sane nmanner- as §n Exanpre™T Hd<e Subjected to col um

chr omat ogr aphy using Capcell Pale SCX UE0 exchanged with silver 10 ions.

Separation and. pjCbhaats @ sepyasa &R &9:.;@!:113%&5[ Slﬂéliu&qe@m[%%hlu r_’% cgéegéc%o mm 4

X 250 nmH ( um (78 ,gl%e) aad agetone as an eluent at a loa
conti nued) %7 24 Novenber® FH6%S8PsBIG {0 e separaierdy splume chramamgraphlyl ow

rate sv = 1.5 andb@dnad askiecribdst ahiave tvasepdiatédm RphtRIN s SRAWLR Fi g_
2. (2) ContinuouginSaRaHahd@R.- | - S Lmul ated noyi ng- bed devi ce
The crude substance, to he %gg%?gﬁgﬁkr%@%eﬁyc I aﬁlﬁtcg)&’%rﬁﬁ'ﬁn' SBteay fled as
descri bed above WHelSisaaed 87 depafbrommiotrphics sepdratirz SREZSINRI@L ed

novi ng- bed devi ﬁpro@preaducredameu@agamscm@goﬁéa% wi)aaarhqﬁoa§gahha i zed
new JO sysgem c [ rator. T NE (r)) ~ provided wt
Capcel | Pak (r) ‘%%@W?;ﬁ%gp%%ha%dnpg 8%%“ é’i’}fl’ 9y Wrdegjthger
nitrate. Separ atiP8sWmgFFditiomiscatiient wasetoae: ¢trgo whnomdestidrhe 25f @ik owi ng
conditions ; el ugiirging@ChOe24 ENIUEXCARGEORS-TALIARA -12 I ing
met hod - 24 g/ cyngtexxalélg%yscl es; {:hglburgg - %%g% cC m) Bf&gugg%g?g’ggé&m X
8); the sum of lodds =" 7 ORopgs par It %?tcg‘rfﬁﬂﬁt agPupt gkigid in

an active fraction - 1.5 L/cycle {with respect to 0.65 column volume); and

15 temperature - 20 T. The purity of each substance in the active fraction
was determined by the HPLC analysis. The results are shown in Table 1.

Table 1

Purity in the Crude|Purity in the Eluted
Substance (%) Fraction (%)
facrolimus 85.4 92.7

ascomycin 5.45 0.11

Compound A 1.30 n.d.
n.d.: not detectable

20
INDUSTRIAL APPLICABILITY

Unexpected effect in separation was obtained by applying the
sulfonic acid group-containing strong caﬁon exchange resin pretreated
with silver ions to the separation of the lactone-containing high-

25 molecular weight compound having an allky! group as a side chain from
that having an alkeny! group as a side chain. '

The separation method of the present invention is quite useful
because of its repeatability, a large-scale applicability and/or its
cconomical benefit. Therefore, the present invention is appﬁcable to a

30 chemical industry, particularly a pharmaceutical industry, in which the

mass-production and the purity of the objected compounds are critical.

S



an active fraction - 1.5 L/cycle (with respect to 0-65 colum volune); and
15 tenperature - 20 "C. The purity of each substance i &4 Navemlari2p@3fracti on
was determ ned by the HPLC analysis. The results are shown in Table 1.
Table I Purity in the Crude Purity in the Eluted Substance %raction 1o
tacrol i nus85.492. 7 ascoa cin5.450. 11 Conpound Al.30n.d. n.d.: not

det ect abl e 20 | NDUSTRI AL APPLI CABI LI TY Unexpected effect in separation was
obt ai ned by applying the sulfonic acig.geup-containing strong cation
exchange resin pretreated with silver ions to the separation of the

| act one- cont ai ni ng hi gh 25 nol ecul ar wei ght conpound havi ng an al kyl group

as a side chaipn from hhabdeYiRgaaial kenylo@ Qb s nsitdenobaig, The

separati on net hod of the present |nvenﬁ(iyon is quite uggf%b%b cause of its
e

9

repeat abi | i ty, Y86 gEROEAR PABPET 2ADT &ﬁ“ﬁﬁﬂ%ﬁr“?t? n?%%ﬁ dbenefit.
Theref or®, theapoesenttiiningritigbrmescalpplyeagibl @ tmuanddBaghgnicalikdaytust ry,
particularly a%rﬂﬂﬁrz{@ﬁ@L@i&&@baﬂnﬂ%étlﬁé’mnk-’&ow&ﬁ&ﬂ ttngh-améamro‘g&g%on and
the purity of the objected conmpounds are_crltlcaF. 24 Novenber 03
CLAIMB 1. A mEOMRPYBIS BRYIE & iSRG ROT RAEOFEEEA BNy hi Bh-Hot&cul ar
wei ght conpoundhifeaw agdagroapkcyhtagnoigps asng tsticdi debalnas nedinopredicdated
| act one- cont ai pi guﬂhggﬁgnlecular wei ght conpound having in al kenyl 10 i5
group as its side chain, ‘the | actone-containing high-nolecular weight
conpounﬂ% haviwigerainCorm@imnbas ibasehardntiahl stuastabeihcbiycosk ngneainisgl f oni ¢
aci d gr oup-cont.al 0l NGk 3L Q8GN E83h B SANANPL G DPISTS RS Groniat  S1 1 ver

’ methoxycyclohexyl)- I -methylvinyl}- 23,25-dimethoxy-13,19,21,27 -tetramethyl-

11,28-dioxa-4-azatricyclo- [22.3.1.0%%octacos- 18-ene-2,3,10, 16-tetraone.

1S
2. A method of claim |, wherein the alky! group and the alkenyl
group as the side chain are each substituted at the [7-position of cach

trcyclic compound.

3. A method of claim 1, wherein the alkyl group s ethyl or propyl

25 group and the alkenyl group is propenyl group.

4. A method of claim |, wherein the siver was are provided from

silver salts such as silver nitrate or siver perchlorate.

30 5. A method of claim |, wherein the separation is conducted by

using a simulated moving-bed system.

6. The method of claim 1, wherein the sulfonic acid group-
containing strong cation exchange resin is a benzensulfoaic acid group-

35 containing cation exchaage resia.

7. The method of claim 6, wherein the resin 1s formed of a baserof a



wherein the comon basic chem cal structure of the |actone-containing

hi gh- - mol ecul ar wei ght conpounds is 1, 14-di hydroxy- 1224 2ovampgiisiy - 3-

met hoxycycl ohexyl ) - i-nethylvinyl{- 23, 25-di ne

t hoxy- 13,19, 21, 27-tetranmethyl - 1 1, 28-di oxa-4-azatricyclo- 122.3. L -04

9[ octacos- 18-ene-2,3, 10, 1l6-tetraone. 2- A nethod of claim1l1, wherein the
al kyl group and the al kenyl group as the side chain are each substituted
at the 17- p05|t|on of ea ch tric clic c ound. 3- A netgod of claiml,
wherei n the. al KYPOBRSES PY St GPGRp BV CIhoGPHR Aot Heo G ke8| gr oup
i s propenyl greopteddyitd anbidblan of sibbanepdlyowdrerein the silver ions arc
prOV|ded from silver salts such as silver nitrate or silver perchiorate.
30.S. A nethod of claim1, wherein the separation is conducted by using a
si mul at ed novi ry- bedhsysdtoa obclaifine, wathadsafl gkaiymdupietgi.n the sul fonic
aciid group- containing strong cation exchange resin is a benzcnsulfonic
aci-d group- 35 containing cation exchange resin. 7- The nethod of claim®6,
wherein the resln i §htomededodfl aldimse, ofhae@ e Moslentler AP eopeb’ ner of
styrene nononer, C li.ca gel. .coated with a
thin thin of S|la(?§g%gb%gpx Jﬁgﬁ% Hl%l?ﬁg[aﬁg‘trﬁ%g‘ a{lldr% l(’:’e\/vf*;f: raé?'ﬁdsﬁl

al kenyl .group iabout 4P or goreThe net hod of cIa|n11 mhereln t he nol ecul ar

wei ght of the | actone-containing high nol ecular weight conmpounds to be
separated is about 400 or nore- 10. The nmethod of claim1l, wherein the

| act one- cont ai Hi°ng ARghmethodeelclrimudi ghretemibuidstone-contaeipar hisdd ar e

sel ected from thEleQNiARighPEShSSIRE ©fbel REEQI LD BHSs RN AREAMMUE RoubO

conststing of tacrolimus and ascomycia.
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