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The present invention relates to a nethod for separating anal ogous
conpounds, nore particularly a nethod for separating a24Naveobes-49idt ai ni ng
hi gh- nol ecul ar wei ght conpound having an al kyl group as its side chain
froma | act one-cont ai ni ng hi gh-nol ecul ar wei ght 10 conmpound havi ng an

al kenyl group as its side chain by using a sulfonic acid group-containing
strong cation exchange resin pretreated with silver ions. BACKGROUND ART
|5 1t is conventionally known to use silver ions for separating cis- trans
i somers of an unsaturated aliphatic acid having the same carbon nunber (J.
Chr onat ogr aphy, 149(1978) 417-) _ HowderCRIFAHs not been found out yet
how to effectively separate conpounds which are slightly different in a
part of nolecular structure, e.g., a conmpound having an 20 al kyl group as
its side chain frpmaEorERISEPARKT IS aANAl0@DYES QrOWpIascOoMPELATDE chai n-
This is because such conpounds have the sane or al nost the same carbon
nunber and are simlar to each other in physical properties such as

sol ubilityoin afd@@ENICAUKIEL® sol vents. 25 DI SCLOSURE OF | NVENTI ON The

InVﬁn'([j o][s off;he present prvent iidvthiave rer%«d& et %glslhy@mswﬁis%?ﬁfﬁn@
et ho or effecti aratlng conpounds se | acn otner 1 n
Bl R P ne

physi cal proper & SRRy Ct ﬂ%‘—ti%‘r]ﬁ)r urfg &€ BISregratng a
Unexpect edl y, t iesfolraventhoungl g dlodiibo rwggpacatipegnd0heongoamdsiky!

resembling each gasdbeas it8 sniayéﬂa@@lfmm Qn%tt)h@%onkalﬁmg RighaGbRREr %&H?glﬁe ni ng
ai

hi gh- nol ecul ar wei ound ng an al as Its sid

from a Ia@fone 8 QFﬁﬁ%gB F%@d?ﬁ?pﬁéléh§%ﬁdﬁﬁﬁh Husﬁéh?ﬁﬁuﬁﬁ“alkenyl
group as its si deidcg*raumcontwmhg(stx@ngcaomhahchlmehlegtarpnmica&ulmm\Aﬂmght
conpounds havi ng, a conmon basic chemi.cal structure, 35 by using a sulfonic
aci d group-containing strong cation exchange resin pretreated with silver
ions. L 24 Novenber 2003 As suitable exanples of the sulfonic acid

gr oup-cont ai ni N@ASTTKGERYUND ART
15 [t is conventionally known to use silver 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
20 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.

25 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
30 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,
35 by using a sulfonic acid group-containing strong cation exchange resin

pretreated with silver ions.



cation exchange resins, nentioned are a synthetic base or a base of a
silicon gel, such as gel-type resins and porous resins2vAMean?®s used
with a polar solvent but cannot be used with a nonpol ar solvent; and 5
hi ghly porous resins which can be used with both pol ar-and nonpol ar
solvents. These resins may be selected according to the polarity of an
el uent used. The sulfonic acid group-containing strong cation exchange
resin may be a benzenesul fonic acid group-containing strong cation
exchange 10 resin having benzenesul fonic acid groups at an end. For
exanpl e, the resin maysbeablelrasepdés of thopoliymeracef gauptopneneinpnoimey and

di vi nyl benzenecé@@)e;\ctg{nc’@ Q@ﬁ?s %¢§&$ﬂe%aa9:e£ syﬁ%b&?&aﬁ@eeér Qfbase of a

benzenesui fonic aci d lgroug cont ai ni ng st rong cation exchange resi ns, i.e.
sul fonat ed cop8ilFARiEEL GHCR A EhaY RROFGHRT 20d BOEHES TVELS WHaishicdAd usast Di ai onO
(SK series, RCRigesiptar Solldl Bet cesnoPle s&euamsmho@ﬁ)lBKs&O@t (ddaademar k,

Producedcby M LR Blou SRy PLRRIEL Lol PR pAIDSL il (1 1208
Conpany), Dowesolifents( 5Ogsexg sinBm-ay) by t5¢ladféﬁfa€rq€0fcbrlﬁ)d®©@d phlaripwi @meni cal

Conmpany), | onagi@nQsdd>- 240) (trademark, produced by Sybron Chemicals Inc.)

and Lewatit D (5-10 SP series trademar k gﬁroduced b¥ ‘ﬁ't%ﬁ
Corporation). As exahpl BB BEKLE é?u?‘?‘btﬁl &g FBUpR EBHIERITRE st r ong
cati on exchangmaydsi nbetrmnenglienikisacad gelummsotabase stm”eg\t:acmdxemmgt rong

cation gyc hangFesh’Pﬁhﬂ%F%&@Heé’ﬂlﬁ&ﬁ:@a@%%%ﬁ%%tﬁtfﬁﬂkﬁd agid! GLfiHe 2
containing silicone ymer such Ca (SCX series) '(t rademark

produced by Shits# cFBato'i’ﬁ)efhybeEiemofe%l Coj)é’bﬁﬂﬁr WoReSBEIE manomett @gdwith a
thin filmof séivirgtrezped {PReB), ant basandt sihicaagaul fonic acid group at an end

is then introduced. @ﬂg S ni aini,ng
strong 30 cation ex angeb?egssﬁﬁg)%ﬁé&ﬂ%ﬁwfmg fé&gg{oqllpl é)g%glﬁlg&)%ﬁ er] es) and
Capcel | PakD ¢30R sehpag) regiaspeg-t selipagted qepelyataradl strens poyemeron

usabl e {9r preisd i) gnddie el £ QN &iAw (tsrgrs&&ps RONtReB] APKSdeHeRgprat i on

exchange resi nserztlaeg gjuc%f a6£ ?3?2 %02? (tE)”agélr{lgr proguced 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

2



various silver salts which can produce silver ions in water, such as silver
35 nitrate, silver perchlorate or the like. The sul f ong¢ Naggrdber 2003
group-contai ning strong cation exchange resin nay be pretreated with the
silver ion by passing an aqueous solution of 2 24 Novenber 2003 the silver
salt therethrough if the resinis of an Htype, or if it is of an Na type,
by changing it into the Htype, washing with water, adjusted to pH 3 to 4
and passing an aqueous sol ution of the silver salt. This pretreatnment with

silver ions may rgﬁverasgll@/u ‘ %rrlhe out charﬁ(_é 5 the silver salt at
| nol/L-R or higher. THE puriFitao ?‘rcefel’? g?ee%hft“isrﬂf@mff’én can

be carried out tne. bhiehhokingwt mgo steidgyhd, wabhengwich waesr, bd@stedli@CE ude
substance to bet§e@a£§&egas§h‘?§'t§d néchQ:oh@esw@ﬁt %P%Sogﬁx?ér“'s&?_ Thj :
s si'dé chain"

hi gh- ol ecul ar ht conpaound_havi hg an a grogg as’|
and the "I actonB il TN r‘fﬁ“h?'b‘ﬁrﬁ%‘?%glﬂyaﬁ’fe@é?@htbﬁﬁﬁﬁ aet hahagiag
al kenyl gboup ashd $ibvesisdi aghaing!/IcRrivdghel ssol ved in a suitable sol vent,

such as acetone, etc, umm chronato ra ti IIed
Tﬁ@?upﬁcgﬁ'@l{ g(‘?ﬁq_h&? Ofgl? e%c ltn,v% en—&.ﬁré%; &pf_%

with the suffonic acid P oup- contal ning
pretreated withodt P &re %1ﬁ§’m‘15tc(’§|) And, the eI ut| on can be carri ed out

with a suitabl efijeltentiztuse|Cite. aghe @G8E @E\Bsm&céﬂté(bé“é%)agﬁte@t ByhaBR) &8 and

nmet hyl al cohol e at i t od sul fonic acid
gr oup- cont ai ni nggés}tg?g(r%og(%a K Rl@&(lcrﬁa%melmrares g oh"i‘/\n“[‘%agl‘r*%lr i ons

may be é@nduct@f@‘lﬁyaa it oedf Eéamsyfstn@rﬁler 1fa:tgmmt¢ntamusg begh-sydtemar The
fixed 20 bed W@&ﬁmcbﬁiﬂowﬁshﬁvﬁgr!ﬂ{ %u&%f}l L T t.&rPALS hed gystem a

doubl e bed syst [?F[n % " ion exchange filtration system
a circulatory ‘g'%t & Eh St”f‘l‘é1 19 {‘ii,"e‘?tr BH?lFI‘i‘é A ERBof it 28 tﬁp%\aéquo‘ﬁ’al
process. The fikedobsdnsybteniogcdigesikddovith fihewsuHgenenald @rogyst em an
ascending f1 ow de@ERE{AL IO, SXSSPBcibGA HALETEIEL AR “ﬁ@cselﬂ,%'rn flow 25

regenera{ on system. & count ercurrent fion system an 8x- col um
regenerat¥ on syt 8Afafitf £ivdion g be cammie é“?"‘éWp%lsﬁtfﬂB?ﬁ eluent, such as

acetone, a mixture of ethyl acetate and methyl alcohol, and so on.
Separation method using the sulfonic acid group-containing
‘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



regeneration process. On the other hand, the continuous bed system

i ncludes a fluidized bed system (a countercurrent contaétiNomgnesrsi0eh a

nmul ti stage batch systen), a noving bed system (an ascending type (a 30
single colum type, a multiple colum type), a descending type (a single
colum type, a nmultiple colum type), a sinulated noving-bed system an
endl ess belt system (a liquid-liquid extraction systen)) and the |ike,
anong whi ch the simnul ated novi ng-bed systemis efficient and suitable for
mass production. 35 The |actone-containing high-nolecular weight conpound
to which the sggagadi@bicaRliodeight tdTeapsiasend bnvasdid orrrna,y fhgy appl 1 cabl e
means those haV|n | east .one. Ia tone r| cules and 3 24
Novenber 2003 WaW éhc % hc trle\(/:\elg t of %%OEFOF 6”em21% Ith‘::they may be
monocyclic, bi @ymledcof ﬂ?lqzymlorfc agyme heShek enommyelip reefenaaisids, indieye ar e
formed of 12 Oéw%ﬁls@EMeucgﬂﬁBuﬁDMﬁh &in§ AMBOWHAAR Il NShidderricyclic
erythrornycins, | euco ci.ns and the like- é%ch tricyclic 5
conpoun |ncIﬁHEp%Bﬁg% ggmﬁﬁVFﬁé S IRgEsfeler iy e s 28 A KT i ¢
conmpound showncdmpd&ROIL8ALER: it ef B0 LBBitGeTs hatorit ammlsgpommmycg |t¢1cycl¢fn1Tpounds

shown i n EP0422§§$oquiF0%$£9§% %rpow@%é&‘*éﬁ@ oI fw‘o@@ le one
is 1,14-di hyroxy-T12 droxy-3- rue t oxycy 1¥ 1 net V|ny
1]-23, 25- di mat‘l*l’@xy nﬁtlgp@ierglyleloone Is ,14-d yrorqr 12 ( hydroxy- -

tetramet hyl 11m2&rdiy©y(ﬁck4:x§qatmbﬂ-§ywlﬂﬂ]2233?,51(11&&{9().@(}11&&1952 ﬂ,aqene-
2, 3,10, tetragn d@qd1f9§dﬂﬂﬁt QB@%:??qub?%%ggfgp substituted

by an a ains p05|t|on t her eof ,
and whi ch i S t%‘érkﬂ l@nﬂ@tfmn tH@dlﬁhposmato@n#fsrabémbmﬂ!@@ﬂi edhigh hisal | yl and

asconycin \Ahergdﬁsmteaugshhtatutﬁdor\/\men t foblup laxs E‘klé’%ﬂ@rchd’@p@nﬁh%' pg. and the
i ke are al so exquhéL sui table one. h qgou %%R as the side
chain of the B¢ Eﬁﬁfa. A i ﬁhuﬁﬁ?@EHFaW ﬁ%l%ﬁt Hg f8, “hent i oned
are strai ght onutstiamehedith alljdyalncgammvdnrawhcg 4 iz anbsmtutenhiveth efhyl to 6
such as gret hylFur%{xQ’ylra armsqlreyémd LSORLORM atsP Ukt plificORUS ¥hitaBRERUL Y
tent - butyI pentyl, |so
chl group(s) as the side chain of the lactone-containing
high-molecular weight compound, mentioned are straight or branched
alkyl 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-mole&ular 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



20 hexyl and the like, anmong which preferred are those having a carbon
nunber of 1 to 4 such as nethyl, ethyl, propyl, isopropyNovebgn2083d

i sobutvl. As al kenyl group(s) as the side chain of the |actone- cont ai ni ng
hi gh- nol ecul ar wei ght conpound havi ng t he comon basic chem cal 25
structure as the above-nentioned conpound, nentioned are straight or
branched al kenyl groups having a carbon nunber of 2 to 6 such as vinyl,
propenyl (allyl or 1-propenyl), butenyl, isobutenyl, pentenyl hexenyi and

the |ike, anong g@u&g Lay4 opgn I ferge ration of a
substan to be sepaf at eg ccIr%t ur%& ﬁp\é a\ﬂfj(fpn%' con aa{)cﬁl n rei‘ b OFS
cornstarch, | %%?Culﬁqeﬂj‘é%rﬂi‘%megl‘ffﬂ% @FCngf{J@Gé‘@Sk‘ﬁ angcoftuget Eioﬁ@e”'@dfm'eat

0.5 %of dried y@amburs &h 5 oy sdddr Staap chltﬂ‘d@ﬁna@r@ax@sfg i ofs galehum

car bonat.e, adjus 6.-5, was poured i o el niL Erl enrreyer
flasks and steri h?tglé%?%ﬁ E‘% Of%e SETOP e R e Amf‘%’ﬁ‘f‘:&l gt 2903kt

cul ture of° StreptofcFmyes Pre-§iskilisebaisi 2P Nofor@@gﬁu(dbesmmi to WhichREBMeBP- 927
at the National or|Aﬂ§[<éx§dﬂ@(§8ffoz§h&%(%lg%ﬂgetré’d%ﬁ%”%’?od[ﬁ:‘éar%}%ggl’u QSQ%’ of

| ndustrial 4 24 \Y; L ce and Technol o ,
Budapest Treat y) a3 hd aqse ”ﬂ‘??é‘er{%'iﬁi’fi&ﬁ?‘? HY%‘E}‘F%‘F Ghsenieplf8rs and

cul tured at. 30 J@piwmrhad/ Bedromddedn This etaarpre-shatkesd adBosTc wrtm (ho\a@@
transferred as %éﬁf‘éﬂta QHL&% di
v @rl;% L&@Ql—a&fau&l{"ﬁffl L &G l{% E“? 8“1“15)6: ni nut es

contained jn a 200 L jar-f ntor pre-steri
and to wii%h 0. 88 [%W%?fmmél&%'oto %ao@aéffefaawmgiuagemmectmadeﬁafrfkﬁ 8mreduced
by- Asahi Denka sfgilizedapRofC aad30 nﬁﬁuf’és@fm&mmgg% of Bs1aducadrdyy openet su

Chem cal Co.. deanl. had Beey, adfed: | we oPLe:cyLiued, at, 50, G for 48

hours with agl tation a
pre-cul ture, 10¢8giym CWREW@@L@%V@@K Adetangig9 ajnddf. 0&"43106dmcbnom aedi um of

pH 6.8 pre- sterddd, ze@d @4s ﬁe%ﬁienftéar 2895 T Nk Qéaqwurélv&lw&g?ta%gorﬁfﬁgg'eg

starch, S8 % ofmvvh%at %]%r n}a g 00/ 19)( dri ed yeast
liquor, 0”1 % ofP™cHI% BmPEarRordat ég 085 % of Adekanol O and 0.05 % of
silicone i n adt The cuitured broth thus obtained was filtéred by using 50 kg of
diatomaceous earth. Mycelial cakes were extracted with 1,000 L of
acetone to give 1,000 L of extract. The acetone extract from thc 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



tank, and was fernented at 25 "C for 168 hours with agitation at 140 1[5
rpm under aeration of 1,500 L/mn. The cultured broth 2hlisverbbended was
filtered by using 50 kg of diatomaceous earth. Mycelial cakes were
extracted with 1,000 L of acetone to give 1,000 L of extract. The acetone
extract fromthe nycelial cakes and the filtrate (2,700 L) were conbi ned
and passed through a 20 colum of a non-ionic adsorption resin "D aion

HP- 20" (trademark, produced by M tsubishi Cheni cal Corporation, Japan)
(200 L). After washing with 600 L of 50 % aqueous acetone, elution was
carried out wdihmfbcifoaguaotshpoelisiiraindtle sol vent in the el uate was
renoved by evaporation under reduced pressure to give 40 L of an aqueous
residue. 25 The residue was extracted with 40 L of ethyl acetate twi ce. The

ethyl acet at eBRIGH RESCRABTIEOhOERTHEIRAYHYEH reduced pressure to give an
oi ly residue. The Giky] is5bHMe SMRSvifl SSANEEN b @Ik dHBnRfodmpgyane and

ethyl acgtate (1 : RV/AY ). and subj ected. to.col um chromat ography
usi ng 0oL of é?%?gﬂé‘%@ E%%‘?‘z?%’éé’cﬁe%ﬁﬁ}é% 5 oy 3rd 70230 nesh) 30
packed with the sandisd wenthEitshiopmgaepacaion &g @itmauduessityghphwi th a

mxture of n-hexapeanandpaldBsesalAbEed dith shveVfohs 420 L and 1 : 2, v/v,
420 L), 210 L of ethyl acetate and then 210 L of acetone. Fractions were

collected at elution volume from350 L to 420 L (first eluate), from490 L
to 840 L (seconf>BAIQPEAY) CARFMNGPHSFHE (BVENTGY L (third eluate). The

second phuate was qBRIEISWiAE Bkauiisles areogdiaednBr BS 3HE purpdid sIcet one was
added to replage the solvent (50 r@%%nL). Thus _crude substance to be
separ at ed by SUSAORREHIFRTe s INEOr i " CRPERHEEGYr aphy was obt ai ned BRI EF

DESCRI PTI ON CFETHEl WNGS Fig. | is a chart show ng separation by colum
chr omat ogr aph Diaion @RCP 160M pretreated with silver ions; and -
Fig. 2 is a cHaparaow g sepanat ¢loeamjogyepbym v nRtaer@pREP 168ivhg
Capcel | Pak(r)u2femRFeigeatad vy Mistibist@ CHcB8al Corporation, Japan)
15
(1) Treatment of Diaion® RCP160M, an 1on exchange resin, with a silver
salt
iM 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.



10 15 BEST MODE FOR CARRYI NG QUT THE | NVENTI ON The fol |l om ng Exanpl es are
given only for the purpose of illustrating the present4 Nav&RR¢aWOBn nore
detail Exarnole | Separation by col unm chronmat ography using D ai ong RCP160M
(trademark, produced by M tsubishi Chem cal Corporation, Japan) (1)
Treatnment of Diaion(r) RCP160M an ion exchange resin, with a silver salt
1M aqueous silver nitrate solution (3 columm volune) was passed through
D aion(c) RCP160M (H type), which was then washed with water 20 (4 col umm
volune) to renove an excess of silver nitrate. The ion exchange resin was
equilibrated wth nmethanol (4 columm volune) and then with a m xture of
et hyl acetate atkapgéhanol (1 : 1). (2) Separation test using a single
colum 25 The c da r t h
U8R 0GR P RRSEBALAIGao Y CRIHITRLER! Q07 (29880 Y

obtai ned as descrl e-was subj ect romat ograp usi ng
Di ai on+ RCPI 60M{ERERHH Rt atitizdte CﬁﬂPWY HFIFF‘"&& dagdlut i on-
Separatiorb was carried out using a colum of 20 mnd) X 500 nH (425 a m
(150 nL) and a getate a d methanol (1 : 1) as an 30

el uent at a Ioagh%;tf?g%%tl %lgngém?ersrrl%gle fOot4Crolinus, a flowrate sv = 1 and
a tenperature of 30 t TWJélﬁtSallbﬁ@@csépm acpmtqsbbxeqlnu:inscrghma‘mpﬁjfg | .
Tacrol i nus, ascepu@idd @nthel shnitf @RMher ds il fxdbdHd i Qs &Hsé&e&f&o B OxXY- 3

-nethoxycyclohex yl vin dj.r.pne y

[9, 21, 27-tet rarr%li{?‘u’)af ]toﬁrfp ‘6”8‘7(? if éizsgf‘f(@ %@R 6{}% C’%%"QWE‘[%E’SE

t 8- ene- 2,19, 10, 1@m§et$fa’meu(m@ﬁérpﬂ@‘d‘catmasvmd@uAbhersmgmi:annére
' SOVI ated and v' deptuhivetk &5 mMope ke (78 08) EXPAARtEndas an eluent at a load

(to be continued)



Separation by col um chromat ography usi ng Capcell Pak) SCX UGB0
(trademark, produced by Shiseido Conpany Limted, JapaR}NsvenberSéifar ati on
test using a single colum The crude substance to be separated by col um
chromat ography obtained in the sane manner as in Exanple 1 was, subjected
to colum chromatography using Capcell Pale SCX UGO0 exchanged with silver
10 ions. Separation and. purification was carried out by using a columm of
20 M 4 X 250 nH (20 u m (78 nL) and acetone as an eluent at a |load (to be
continued) 7 24 Novenber 2003 of 5 g/L-Rin terns of tacrolinus, a flow
rate sv = 1.5 andf30:/C-R Theernobbeimesdinepal abkaardad Ler 5 Jus §@Q%n {\% Fig_
2. (2) Conti nuou%b&gggz{%t iagemobry attcsmail | - sized Fsi nul at ed novi ng-bed device S
The crude substanceé to be separ%et‘ednmsl SEBYVBrA Fironat ography obtained as
descri bed above was subjected to separation by a small-sized simulated
movi ng- bed devi ce2f poREHEAS RypafAERNY LORMRA! el a_snpll-sized
new JO system chr omat ogr aphi.c sggar ator, TREZO\I%%?P) Qg%irog\lﬂgdé%aﬂ‘/ﬁvf%
Capcel | Pak (r) SCX o s SR GPERHEDE SrA3ERIGE B solitme s higmatogsiphyer
nitrate. Separ atPbrizaddsplestfibabibon wiasubiictéEe @phratvdesy § B8 anf@lon ng
conditions ; el usiuiatcdGRSRAEbe& Y tration -. 25 g/lL; _charging
met hod - 24 g/cycle X 4 cycles: collggnwg?&%%g bflgér[%afm&or@c."%é‘oﬂ' {386 Al X
8): the sum of |d4asized ey JORsydeBathipnasagpphimeeparatr, MRAKQNE @) an
active fraction proidedlsityChpcelifald® SESPBCEO ttRalbRits Anfhe¥ Q) Hﬁﬁ}ibna”d 15
temperatugg - 20, § ri f.each substance in the active fraction
was det er m ned b‘% St%‘wy_gl:rI%ﬁ[%!'_r!ginéae)l‘6 ?%lmso.n FHEP Pﬁ'@ﬁ‘%ﬂ@ HPE CAHRMO gy the 1
Table | Purity i lewmeropditiongr ;i ¢lyenth- phetoBbutlstrgSubatancaicyir astgman lo
tacrol i nus85. 492(;[_‘23rging method - 24 g/cycle X 4 cycles; column - {20 £ m) of 2.26 L {280

mL X 8); the sum of loads - 42 g/I-R {a batch load); amount of liquid in

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

15 temperature - 20 ‘C. 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.



ascoa cinb5.450.11 Conmpound Al.30n.d. n.d.: not detectable 20 | NDUSTRI AL
APPLI CABI LI TY Unexpected effect in separation was obt athdldvegber@d0yi ng t he
sul fonic acid group-containing strong cation exchange resin pretreated
with silver ions to the separation of the |actone-containing high 25

nol ecul ar wei ght compound having an al kyl group as a side chain from that
havi ng an al kenyl group as a side chain. The separation nmethod of the
present invention is quite useful begaysgsof its repeatability, a

| arge-scal e applicability and/or its econonlcal benefit. Therefore, the
present invention is applicable to a 30 chem cal industry, particularly a

pharmaceuti cal | i Nndust rfethb® MhiLBathghg ﬁa&%t&{cQQ}U@lm Tnhﬁc@ﬂﬁl‘t y of
the objected c ngounds are critical. 8 24 Novenbet . A net hod
for separatind“dEraEOrBIREEoRtEag Y highERBRAN s > fPFbihd havi ng

an al kyl5 gr oupaasnet@nsiidegclogh nmbleoniag v@igtammu@nhwmgr@ Iaﬂkg:hwtml ecul ar

wei ght Cormouryonsvams'&@Lksmlméqaeéngrc%&mglﬁ@ma@c&!&@' Pei Lbe
| act one- cont ai hi ng hi m) ecul ar wei %?a(’s ounds havi ng a cor‘r‘ﬁo basi c

cheni cal strudafReY B%T‘H% % COBHTPD ‘CaGPBm&rabLfﬁ“{%'ﬁ‘feal DY i5i8¢€ rong
cation exchangaitfoasd Aciprgbugabathinitigt Sireid vatod ardanghee|innp tee-acaimon
basi ¢ chem cal %i g&%qgg of the | actone-containing high--nolecular weight
compounds is 1, ydroxy- 12-{2-(4-hydroxy-3- nethoxycycl ohexyl) -
|-nethyﬂblnyIﬁwmgap25mdkmanbmmemhawhapﬂkﬁazﬂueioaﬂauhwbnekonunnwg

1, 28-di oxa-4-gzatrl - 3. L 04 9 c S f

16-t et r aone. 31 &Amoq%/% od o?lg ?Co%?iun%l%ﬁelgﬁﬁ?'dm’fyky??z 1 dmx& ¥ he

al kenyl methoxycyclohexyl)- 1 -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



group as the side chain are each substituted at the 17-position of each
tricyclic compound. 3- A nethod of claim1, wherein thé4&loxgnberdis is

et hyl or propyl 25 group and the al kcnyl group is propenyl group. 4. A
met hod of claim 1, wherein the silver ions arc provided from silver salts
such as silver nitrate or silver perchiorate. 30 S. A nethod of claima1,
wherein the separation i's conducted by using a sinmulated noving-bed
system 6. The od of m 1, wherein the sulfonic acid group-

cont ai ni ng st r&ﬁ@ocgicré’ﬁ S@’)E‘&?‘Fa?f@BO‘F‘éEiaﬁ‘d LRy RERZEHs A PolR T %%?deagg%up 35
cont ai ni ng cat icontedxelangdur 88 nf sificodheolyetdrod of claim 6, wherein the
resin is forned of a base of a 9 24 Novenber 2003 copob' ner of styrene
mononer and divi nyl benzcne, or a base of silica gel coated with a thin
thin of silicorge pohlytAwiicth8d offtieimref Wberedi sailailltany] ghigy €ialysai d al kenyl
group is aflyl _ 9. The nethod of claim1l, wherein the nol ecul ar wei ght of
the | actone-containing high nolecular weight conpounds to be separated is
about 400 or nre- The. mFtrednef h@dmofl oftadrpin] thepmeslecutat heeight of the

l act one- cont al ri!l&gng”c&}&am % %%le% aghgelgkg;l@o%&)%sndts ee g%ar at ed are

selected fromthe group ting o tac T U and asco e o
_ about 400 or more

0. The method of claim 1, wherein the lactone-containing high-

molecular weight compounds to be separated are selected from the group

conststing of tacrolimus and ascomycia.
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