11- ENZYMATI C MEMBRANE METHOD FOR THE SYNTHESI S OF PEPTI DES AND T <S=:\C%
SEPARATI ON OF OPTI CAL | SOVERS Technical Field The present invent \ W
¢ €l ates general ly to an enzymatic nethod -for the synthesis and

' sepa‘r‘atlon ~of peptides enploying: a menbr a__rle perneable to wuncharged
“peptides but inperneable to charged nol ecul es; and, nore particularly,

to t he si mul t aneous synt hesi s and purification of L,L-di pept i des,

“and its application to (ENGYWMAIYA MEMBRANE METHQI)HQR/|THE phenyl al ani ne

met hyl = ester (aspartan®YNBRIKF QAMPERTIDER ANBTHESERARATBEINt i ¢

enzymes as' condensat i @F QRTICA) II@MERSe stereospecific coupling of -two
L-amino acids 'to yield L, L-peptides is known since the early days of

protein chemstry. . As earl y as 190 aEld érohschel n descri bed
the formation of the wat er -i nsol ubl e di pe%—r—%é)‘—éi-%%g—Leu NH2 by .
reacting Bz-Leu-OH andTPErrPrPﬁePhe phreenhienof rehates ot genedebindi bg an
enzyme papain. E  baBimatgdc F.me¥HddS @i Nthdersytdonezizl 6&809eréfm1'\<49hrof

and Strohschei n-type rgagtlon i S OSSI bl e only between thqgse amno -
aci ds-that form pepPPBE BRRIsSTRIIYHIE AisOSPPFBRE ( BeETR e 18 (fgharged
papai n or other enzpsptides. but Iln@sedgabl.hetocchde‘gsdngtoleeateis@nas.d more

equi librium betweenphhe;aniP1RCi d ¢§act gnd s a@d@?&&d&%&fﬂ&ﬁ&ﬂéﬂ ar gehy
di spl aced towards thef re (:tlnf 11a)(r‘EC (’:ﬁgﬁ rtheless '
condensi ng react ant PRAAEERHFPR N ¢ éﬁﬁe@t 1865hyaRdst %c?ﬁ’%’r%‘iaft’-%‘ §e the
t he di pepti de produptepsrpbibeny sb| Ubiaspartylr-&ephehpl abamine ofmetlyl ester.

reaction phase. Due hep hpeageymercial inportance of certain peptides and
the fact that enzyrres are known to catal yze pepti de forrratlon under mld

condi'tions there has been a great deal of research done . the

enzymatic synthesis ~of Background Art
- L "The'”use of proteolytlc enzymes _as condensatlon
catalysts for the stereospec1flc coupllng of two L- amino
aclds to y1e1d L, L~ peptldes is known since the early days
of protein. chemistry. -~ As early as 1909 Mohr and
Strohschein described the formation_of the water-lnsoluble
dipeptide Bz-Leu-Leu-NH .
HfLGUTNHZ in the presence of the protein deqrading enzyme
papain. " E. Mohr and F. Strohschein, Ber 42, 2521 (1909).
The Mohr apd Strohscheinetypé-reaction-is pOSSible only

é' by reacting Bz-Leu-OH and

between those amino acids-that form peptide bonds that are

_ | susceptible to cleavage .by the papain or other enzyme
U - | used. . Indeed, the condensing reaction's equilibrium
' between. the amino acid reactants and peptide product is
largely displaced towards the reactind_ amino acids.
Nevertheless, the condensing reactant can be driven to
.compleﬁion by. mass action if, e.gq., the:dipeptide product .

is poorly soluble and precipiéates out of the reaction

phase ' ' o o '

Due to the commerc1al 1mportance of certain peptldes

and the fact that enzymes are known to catalyze peptide

formation under mild conditions there has been a great

- deal . of reeeafch done on . the enzymatie' synthesis of

peptides particularly simple dipeptides. K. Oyama'and



peptides particularly sinple dipeptides. K. Oyama and -2- K. Kihara,
Kagaku Sosetsu 35, 195 (1982); K. Oyanme and K Kihara, ChenfTech. 14,

100 (1984). The process for enzymatic synt hesis of the pepti de der|vat|\Le £
aspartane,. described in U S. Patent 4,165,311, -hereinafter  -the ‘311
process, i'nvol ves the ther rml ysi Jycat al yzed condensation of
N-car bobenzoxy L-aspartic aC| d. with DL-phenyl al ani ne nethyl ester and

precipitation ofkiRArkNt & rss&se@@XssD p?ﬁs'y'@ﬁwe et Waﬁgst%d

salt of. N-carbooenzoxy asg afe, _ to . d r|ve r'eacton _
peptide prdluckibarge. € r 1hodQ%i P8R ¢ hi s |nterrred| ary conpl ex

al | owls Ijor thefrme@rdﬁe& pHe&W&imi\ﬁ@E@Tﬂthe%ﬁI@rof tt'l'itt Peytbae
recycl e alt

N-car bobenzo??/r’agis?'t’srr@sgéi%ﬁ'v g%\?ﬁ’&*%‘gngﬁe cc?nve?rﬂfe%“? 04 58P tdne.

by elim nathereinaftehe Nther bobelbky prpreceissy gr oumvolfes’' 31lthe
Process MuSty ey b Liﬁeéaeglgz%tChcongﬁhﬁat%hch RES o SiERHESBlEzaRYC

conpl i cates over
Har ada and Ne- %ﬁrtMn aq\id( WAE Dsbrphqaxla@sn@mssat)etwu iesiteldt mand,

Enzymatic PeptédepByatien %f( ]a%nnteirﬂediayyc%r IO~ h@x‘i? ??L*FI 5 o

‘group plays _ an essential rocess. By
the struct ur%ethyleqlﬁsf%nealtnm%eai-cequh@zcaeh%pa%tmeo ofto drive

t her mol ysi n;th@NOr&Yc€0BA! | butl '&ﬁetoﬁe?ﬁ:i'deso'ﬁ%ddéﬂ ofidde | Nt peRLAr Y

conpl ex there t.he reactjon El i m natjon

o Tihe | N RYRRRLEa, T otBee nEnEeBBSAASH (FOBLRA (AHASYR PR | Foomist
be effect ed recovery of | d)-ph:e;rqdlalmSne mathyl extertytithatydmagensei QU
LSdng\eﬁgz i gzlr"negy?ﬁv%metshgfg%%hl ncgﬁégéﬁni §&8f‘ *hand! PRY h;SLSStelncgaghﬁn a
| ar ge scal e.N-carbobenzoxy-aspartame derivative which can be converted
to 'aspartame. by e_lim_inat_ion of. the _N-carbobenzoxy_
'prct‘ectﬂi-ng'"g_roup.' The '311 process must be practiced on a
'_ batch basis which is cumbersome and compli'catea the
L recover'y_ of _enzyne._ Also see: K. Oyama, S. Irino, T.
Harada and N. Hagi, Ann. N.Y. Acad. Sci. 434, 95 (1985).
Willi Kullmann, En'zYmatic Peptide Synthesis (1987).
: The N-carbobenzoxy protecting group plays an
. essential role in the '311 process by: fulfilling the.
structural . requirement imposed' by the active ~site of
thermolein,, and by contributing to the 'ineolubility of \J
. the intermediary complex thereby 1ncreasing the y:.eld of

the  reaction. ' Elimination of the N-carbobenzoxy
prot_ect:.-ng.'group from the aspartaine' derivative must be
effe’cted:. und'er mild 'cond:.tions, e.g., catalytic
‘hydrogenation, to prevent cleavage of the methyl ester
functio’n | o Catalytic hydrogenatlon_ involves the
inconvenience of handling hydrogen gas on a large scale.
_ Alternative approaches - to_ _' driving . enzymatic
'c'ondensation react:.ons to completion have also been
__descr1bed 1n the chemical literature. For example, the

- use of organic solvents as reaction media has been found
effectlve_ for increasing the peptide product ylelds,
although, the concomitant decrease in enzyme stability has
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Al ternative approaches. to driving enzymati c condensation reactions
to conpletion have also been described in the chemcal literature.

kor .eéxanpl e, the use of organic solvents as reaction nedia has been found"
effettive for. increasing the peptide .product vyields; -although, the
concom tant decrease in enzyne stability has -3- 52567.701 precluded its
practice on-alarge scale. - K Oyama, S. Nishisura, Y. Nonaka, K Kihara
~and T. Hashinmoto, J. Og Chem 46, 5241 (1981); H Ooshima, H Mori and Y.
Har ano, Bi ot echri#3oa k. 1&ters 7, 789 (1985); K. Nakani shi, T. Kani kubo and
R. Mat suno, Biotechnol ogy 3, 459 (1985).- I'n view of the above-noted
difficulties in the practice of prior art nmethods for enzymatic synthesis
of peptides, particularly, the requirenents for precipitation of an

ijnt er rrE'ldi ary corppenqwist howell f&c@icdaaﬂe&ol’ér @agemié.ltxd f &md F ;
esirable to pr e . an i (0}V] rocess at_avoi se difficulties an
that safely pro&%cf&él n‘p‘F eﬁ?ﬁ’%ﬁls ’g\lt {}Eﬁ ?a?:ﬁ“g 2FRIPPER7 0Lt he
“enzyme cat al yst Qxrdl sgn_myrespfszmyemmn) JHe. mcﬁslema; nterMoph andvitdes a
met hod for the ep 5 Qﬁg ;g% copggl beesteps of:
enzymatical l'y cgi%%n5|n Bfdticliied c%%gi%g$87 acid %%%% h§§ In an
aqueous initial Nadmxsmm'&t Ukamikuborand R urifaksural, pBoteichnoloaxpdet i ng
the uncharged pejd dgdd¥p, an aqueous reaction m xture by osnmosis across a

menbrane that will not transport substantial amounts, of_ the. anlno acid *
conpounds; and converklt fgieheot rEhe RPeEerRekedrdbEf hepl tyes dnathe

practice of prior art methods for enzymatic synthes1s of
v . peptides, particularly, the- requirements for
| ' precipitation of an 1ntermed1ary complex and handling of
dangerous reagents,it would:-be desirable to provide an
improved process that avoids these difficulties and that
safely provides effective yields without rapid

deactivation of the enzyme catalysts.

_ Disclosure of Invention
The present invention provides a method for the
enzymatic synthesis of peptides'comprising'the steps of:
enzymatically conden51ng first and second amino
acid compounds in an aqueous initial reaction mixture to
"form an uncharged peptide. '
transporting the uncharged peptide 1nto an agueous’
reaction mixture by osm051s across a membrane that will
not transport substantial amounts of the aminc ac1d
compounds, and , _ '
convertlng the transported uncharged peptide to a
form that cannot be retransported across the membrane to
the initial reaction mixture. '
- The transported compound converted to a form that
“1s not retransported across the membrane, ‘can be removed
from the second reaction mlxture., Also, first and
~ second amino acid compoundsicopermeating the membrane
with the uncharged compounds into the second reaction
mixture can be separated from the second reaction



formthat cannot be retransported across the nenbrane to the initial
reaction m xture. The transported conpound, converted to a formthat
not retransported across the nenbrane, can be renoved fromthe second

reaction mxture. Also, first and second am no acid conpounds. coper neat.i ng -

IS
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the menmbrane with the uncharged conpounds into the second reaction mixture

can be separated fromthe second reaction

returned to the initial reaction mxture4 A preferred aspect of the
i nvention provides a process for the enzymatic synthesis of peptide
derivat i ves, mi¥turesandpoptienaddy wesurngdaltegshecdmittiigiingreant mmeps of
condensi ng ambkgﬁyb [err]- substituted-L- aspartic acid.including an
a-carboxylate group wi th a phenyl al ani ne | ower alkyl ester including an

a- amoni um group AnPARLEFHEGUSSRESE Odn e BVeNtION ALY IS Riensat i on
enzyne, to fpﬁabggQCfbrLthaswztyydat(lbersyhmbEi@ oft gdptideghenyl al ani ne

ar bons n o peptide; transportlng
the uncharge eﬁéﬁ?QageFFo aﬁq&&@ﬁ§%P PP@n%$FQFhFE' BEs an ion
rej ection rreobmpnésnngothepsct@pst aofi )dmmdenlsy.rmsﬂ-acw-convertl ng the

unchar ged peQﬁbQ@l’tﬁtEﬁelﬁr g@g,qréﬂﬁ]fa‘é&ﬁ iRdudliy h @g{ SO provi A%s

| oner al kyl

back-di f fuse across

ster

e present 1 nvention

-4- mxture and optionally

a

net hod for t@EouRzyAEh @ P@ﬁﬂﬂhﬁlﬂ@h@ﬁ ﬂ&@@ﬁi@16§ﬂb@§ﬁqnzkﬂﬁkﬁ@km$ounds-
conprising thg &L8RmoRARumh YRS akﬁﬁn@ realctPen infiddlkk ester in an

aqueous reactio xture |nclu ronZ|ng enzyme to forma charged
enantlonerlclﬁﬁﬂﬁghﬁﬂ angond QQﬁﬂﬁiq&e 5ﬁbFF€“é§?€V3@0Hbound in the
aqueous reacaspartylt pesubstituted) —L—phenylalanlne lower alkyl

ester (i.e. 1-6 carbons), an uncharged peptide;
tranSporting the uncharged peptide from the aqueous
reaction mixture across an ion rejection membrane into a
product mixture by osmosis, and convefting the uncharged
peptide in the product mlxture to.a specles that cannot
back-diffuse across the membrane. '

The present invention also prov1des a method for
the enzymatlc resolutlon of racemlc carboxylic acid
compounds compr1s1ng the steps of, hydrolyz1ng a racemic

carboxyllc acid ester in an aqueous reaction mixture

including a hydroly21ng enzyme- to form a charged
enantiomeric compound and an uncharged enantiomeric
ester compound in the aqueous reaction mixture; and

'transporting the'uncharged enentiomeric ester compound
- from thejaqueous reaction mixtu:e-acrossfan ion.
'.rejection membrane into a pfoduct mixture thus effecting
an enantiomeric resolution.

The_racemic carboxylic.acid ester compound is
preferably an D, L-amino acid ester compound, the

-charged enantiomerlc compound is preferably a L-amino

ac1d compound and the uncharged enantiomeric compound is
the correspondlng D-amino acid ester ‘compound. The
uncharged D—amlno acid compound in the_product mixture
can bedaccumuiated and can be recovered by'conventional
means. The method for the enzymatic resolution of amino

. w

¢



transporting the uncharged enanti oneric ester conpound fromthe aqueous
reaction m xture across an ion rejection menbrane into a product m xture
thuskgffectlng an enantioneri‘c resol ution. The racenic carboxylic acid"
ester” conpound is preferably an D, L-anm no acid ester conpound, the charged
enantioneric conpound is preferably a L-am no acid conpound and the
uncharged enantioneric conpound is the corresponding D-am no. acid ester
conpound. The uncharged D-am no acid conpbuﬁd‘in t he product m xture can

be accunul at ed a ver ed, hy venti on The t hod for‘l
the enzynmatic- rggg %t?%g °§g§2 %8“ be 8°m§éP85c8h§%u§§§ 8gﬂe5em8gﬁﬁaﬁed :
with the other ndisedssedsaboved above. is an object of the present
i nvention to provide fpy{ecgASch éctthe95¥ggregeﬁ¥niﬂ@éhﬁiB% e&pbkéeigge

whi ch provides for sinultaneous synthesis a puritication o e” pept
product. It is ZhoPFeress;fer theaezpmatif syRthasisnofoPppPbifge ¥harhcess

for the safe, eceprevigat pog giﬁumtsﬁéoﬁynéyﬁehésagdaﬁarpﬁrsa&taaleh of
pepti des and derjyvative ﬁ%éﬁereo artlcu arly aspartane. It is another

obj ect of the pre@npeP tPBﬂdPS provi de an econonical process for. the
enzymati c synthesis oftpistadethebabbpeoti destherprbsentf inventioaetof

enzyme and the gg@@é%&ghgf%ESEeé efé¥”£?8552§8” 8c88§ﬁ5939“§n932k%xcihnks

yet anot her obj resent inven
particularly ada%!@ﬁh%%l$h@n@nﬁ9ﬁaﬁ1§a§yﬁnh9§|EeBtldsgaaD@néeﬁhHatﬂ§es

derivatives mntrtﬁgréophePafgiaﬁlagl9ngs§hr§5ﬂgected [err] substltuted-
L aspartate in substantla 'Zn8332%'5%5£¥€ gf tge present 1nvent10n to-
e . provide an economical process for the enzymatic
'synthes1s of peptides that provides for the efficient
use of enzyme and the means to effect the synthe51s on a
continuous basis. . ' - | _

It is yet another object of the present invention
to provide a process particularly -adapted to the
enzymatic synthesis of aspartame and its derivatives
Wlth D, L-phenylalanine and N- protected-g-substituted-
L—aspartate in substantlally quantitative yield.

Brieg Descriptlon of D;aw1ngs

‘The foregoing and other objects and advantages are
U/ : attained by the invention, as will be apparent from the
| folloWing detailed description taken in conjunction with
the accompanying drawings, wherein.__{” o
_ Flgure 1 is a schematic illustration of the _
enzymatic synthe51s of asparatame in accordance with the
present invention. '



Brief Description of Drawi ngs The foregoing and other objects and
advantages are attained by the invention, as will| be apparent fromthe
foll owi ng detail ed description taken in conj unction with the acconpanyi Q_(;L)"_
drawi ngs, wherein: Figure 1 is a schematic illustration of the enzymatic .
synthesi s of asparatane in accordance with-ghe present invention. -6- .
Figure 2 is a_ schematic representation of an apparatus for _
practicing the miguews2 of ist ha psehem‘aﬂila':venr'epﬁesEngathoﬁ | Soft gragph

| | ustrat th t t [t d d _
imo i n ExaApPREEAR, o e iRVl TR0 BFerRER, B e BRRRERS of
product (aspavparmorderl vat ive) forned  over. tine: | n Exarrpl e 4. Figure
5 hill f
oo 5 groph | m“.%%@%%e“% " Gk PO K0
quantity of Bredust (a(s%m%ﬁ%ﬁﬁ%m@ler dead MPé?inQ)‘r nmefosmed tm,en n Ei(!aﬁfpl d-rﬁ

Figure 7 is. gngngnasl hl e 3. ng the quantlty of product (aspartarre _
derivative) ormag, over tlne i n fgr,éreis gr aph
illustrating the §&FMER y%ofidr @du@f" Pgsp%& ! rBEFPﬁatF%) TRt Y Of
time in Exanpi:od&ctFl Negpadtane derivatinid)c fopmedenioierdn thhe adn
appar.at us ﬁge( ngcw cing- the .present. invention, V\/ni ch illustrates the -
vessel s ont aﬁ uct” si de ‘as described

' Figure 5 is a graph- illustrating the - quantity of

product (aspartame derivative) formed over time in
Example 5. o S o N -

Figure 6 is a graph- illustrating the quantity of -
product (aspartame derivative) formed over time in
Example 6. ' ' '

Figure 7 is a graph illustrating the quantity of
product (aspartame derivative) formed over time in
Example 7 e R L -

‘Figure 8 ‘'is 'a graph illustrating the quantity of
product (aspartame derivative) formed over time in
Example 8. _ ' o , '

Figure 9 1is a schematic representation of - an
apparatus‘ for praeticing"the present invention which
illustrates the vessels on the product side as described'-
in Example 9. : S ' A

Figure 10 is a graph illustrating the quantity of
product (aspartame derivative) formed over time in '
Example 9 with and Without the utilization of an ion
exchange resin C ' o

Best Modes for Carrying Out the Invention-

The invention disclosed herein provides a procedure
for driving to completion the enzymatic synthesis of
peptides in an aqueous reaction _mixture by separating the
uncharged peptide intermediate, or derivative thereof,
from the reaction mixture by means of -a membraae that
selectively transports 't'h'e_ uncharged peptide out of the
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In Exanple 9. Figure 10. is a graph illustrating the quantity of product
(aspartame derivative) formed over time in Exanple 9 with and wi t hout the.
ytilization of an ion exchange .resin. Best Mdes for Carrying Qut the
I'nvértion The invention dlsclosed herein provides a procedure for driving
to 'conpletlon the enzymatic synthesis of peptides in an aqueous
reaction m xture by.separating the uncharged -peptide internediate, or
derivative thereof, fromthe reaction mxture by neans of a nmenbrane that
sel ectively tr amspsrblisrt hsiwtuker ginteem | pyoductof mikbure. - 7- Besasmseonthe

mxture into a p@%%hem i‘Eur%u stﬁ‘?ﬁf‘&ﬁ?gcnﬁnﬁfﬁ?éé‘ﬂfe' St&utmeant:eaeunts

|nperneable to the reactants r enoval of epti
i nt er medi ate fr éFhergede meieruAPR) urkeReNAks o, é)d@é?ezi?é’ epebpre.agmedlate

' E;ﬂﬁggts rgtc It |02n Q?ﬁg‘qun‘g‘;?g‘f“tﬂd’ﬁt mmtfthii éfuﬁseseactaearéana& cbmoﬁspbe&uen
. es usef.y ractic e
i nvention are | FROGER @d""lﬂr’qw ﬂ)‘ﬁf}& §iﬁnl_l\/ped%§hp 3‘ noﬁ E?Qt"'on
IlthIt dt he{rbeddec&gwitarrd Iaﬂofﬁlfplmﬂmls bymess aetional preferabl y a pol ;%merl c
shee at is substantia [ ZVNES a
ﬁ; ?cei uct IS :—ﬁiﬂ r ophoﬁ%of‘%ﬁfggg gc hHégfmm‘Ff%ﬁ%yf%{%ﬁ%%% ?%d ng(thhe
rial s, mmﬂd chmvértpondased okl hged poil@Ey: QMRrangs|
fibers. - Celg o i%f e”ﬁgnﬁéﬁgfnaifq@idth@mﬂ@déaaseiﬁorﬁQE&bp@&ous

1211 Avenue of ft et 0036 and sold a
Fi bers Marketi ngmqnﬁ ama&GPrl@H-aer'thérahla aj PRhYBRREHP| e;/}b?et that is
commercially av%@gﬁﬂql flh.lg@'r&lca‘ugooltbprengl a8tz yme £01 triezg a0 U lathel

SacLD 1 the A udes ! “zdropﬁogaad%ﬂ%m %uct UBL "Jo1 JB¥opPREha"dlreY
' preferred support materials. ILM modules can be produced
ntilizing' polypropylene hollow fibers;__ Celgard, a

registered trademark of the Celanese gCorporation, 1211

- Avenue of the Americas,'New'York N.Y. 10036 and sold by

Celanese Fibers Marketlng Corporatlon, Charlotte, N.C., is

an example of. commerc1ally available hollow fibers of
'polypropylene Eotting compounds known 'in -the art and

polyvinyl chloride pipe or tubing may optionally be

utilized in fabricating an ILM module. Another polymer

for fabricating the microporous_.support material is

TEFLON'_a trademark of E. I. DuPont de Nemours & Co. for

W i T fluorinated hydrocarbon polymers A typical microporous
' support is 'GORE-TEX, a trademark - of "W. C. Gore &

_Assoc1ates, inc. ' o

-The m1cropores pass through the support materlal and

should be sized so that an immobilized lquId will be held

here1n by caplllarlty and will not escape therefrom when

subjected to, e.g., pressure differentials across the
membrane or other ordinary reaction cond1tlons Subject

to the-foreg01ng limitations is advantageous to maximize

the contact  area between the immobilized liquid and

reactlon mixture to ‘maximize the rate of transfer (flux)

of the uncharged peptlde product across the membrane. It

will be apprec1ated that the preferred pore size will vary

dependlng on the properties of the particular 1mmob111zed



utilized in fabricating an | LM nodul e. Anot her pol yrrer for fabricati ng
the mcroporous support material s TEFLON, a trademark of E. 1|. Du.l?pnt
. de Nemours & Co. for fluorinated hydrocarbon pol yners. A typical IR
m croporous support is GORE-TEX, a trademark of W C Core &

Associ ates, Inc. The m cropores pass through the support material and

shoul d be S|zed so that- an imobilized liquid wll be held therein by
capillarity and will" not escape therefromV\h'EQT subjected to, e.g.,

- pressure differen | s th an L. of her ry Jgacts
conditions. Sulli}J ct% ‘to ﬁéé’%ﬂrse 8’? |érﬁ t§f|8%%csé| S agégégg eou? tfﬂ?e

maxi m ze the cdRcEOrs:arangd” w‘vm tﬂh%t theopPtipey PPFauFézeaﬁ’Gn be

react ldon i ét Ur et rit e zanﬁn:tr)teidaanq;l Q:iyttﬁﬂﬁé ekkifiud) ml; ﬁrﬂs uﬁehar ged

peptide product Aacr.oss ran t Wi egi af ed t ha

preferred pore N zéoa‘n qtls\‘/:élr lggpé’r%dlpﬁﬁe ﬁlfﬁesﬁigg T et® ?%'ﬁ% EI{I cul ar

i mobi | i zed  |Hadeind, N%a& aitds 3dipl oyedhe pr%ct@cbrddmmratm lafke

~ factors; IIang ftmdwmétz:a{at trsqﬁnil m&m&slz§rfandegcd%@am Red the

-enpi rically by e gkilled in the ard sef u Sion of pore si ze
selection is foﬁ’gﬁfﬁnﬂgs %a‘?tr@t’i’tces &' 1@#3?‘3 J. i __%‘.E%i__g
_preparation ana e hend Lo .

references, S lMenﬁﬁ-ta%Qn RéacéerJl rCOHPééé‘tgtéﬁpﬁtatttQé‘ AQ& EEnKﬁzﬁfH‘ie

to Chem cal NnVersron In. a rane res t he AI CHE
Annual I\/Eetlng, sk 189 e Ay q_%%“isané“ éﬁﬁe?ﬁg § n@asl )and .

Matson -and J.S.AL.QMatson Mamdbrade AReQuimms ntrggeoc%mgsAnmn_- _
N Y. Acad. Sei. QR olaZsihaBShnn g xi TNOM | igad ddsduidz higbgs)i N Thous
m cr opor ous suppor capl ‘at“y Shoyl '@ be water, | mmiscj ble and .a good

solvent for the unchdf§ed PEPRiddZsfoddd UM cﬁehﬁstibe e anBpOF PRI OUS
across the rrersmp@ree-t (i f Eapbl)arity ahould be water immiscible and a

good solvent for the uncharged peptlde product which must
be transported across the .membrane (dlffused) at a
reasonable rate,.l.e., qood transport character;stlcs/high
flux; while, charged or ionized molecules on both the
reaction side and product side of the membrane are, for
‘the most - part, not transported across the membrane 1n
either direction, i.e, good select1v1ty/1on rejection.
Selection of the best combinatlon of support material
and lmmoblllzed llquld for ‘ise in an enzymatic synthesis.
of a peptlde in accordance with the present invention will
depend, in part, on the nature of the particular reactants\_/
_ employed, products desired_and solvents in the system.
L - The qenerally preferred immobilized-liquids for the

' practice of the present invention include water-immiscible .

"organlc solvents,'such-as:alcohols of & to 20 carbons,

- branched and  unbranched, ' for  example, n-decanol, -
n-dodecanol, and n-hexadecanol. Also preferred are
N,N¥diethY1-dodecanamide,_dbdecane and.z-undecanone;
"Mixtures of the above may also be used.

Another type of membrane useful in the practlce

‘of the invention comprises hydrophobic solid films made of



* ’ :

reasonable rate, i.e., good transport characteristics/high flux; while,
charged or ionized nol ecules on both the reaction side and product side of
the.Qénbrane are, for the nost part, not transported across the nenbrane
in either direction, i.e, good selectivity/ion rejection. Selection of the
best - conbi nati on of support material and i mobilized liquid for use in an
enzymatic synthesis of a peptide in accordance with the present invention

wi |l depend, in part, on the nature of t he par 1 cul ar reactants enpl oyed,
products desired olv. S inth stem., The referred
i mobi | ized i qﬁf'ggg?‘g °ﬁ' Fa?ct?‘c tl?glﬁ"’g{éﬁt inOFndtiRielike.

wat er - i mmi sci bl Ther gprepagaibtion s,0f sutheae apombmbr ofmem'marﬁs cadongell
br anched and h ano and
n- hexadecanol . dﬁggigrggf g?&r et:élga(r)%i?fﬁe\gg‘gp%hyfoao&g‘gg ’de % %\‘PI ’
2-undecanone. MGitess ofSelenc ' , of ilms,
menbr ane usef ul ti 0 [ t|

IhBebbeiBhas! R@w &o&ﬂ?(l@% W§$¥Hnuﬂ§%§? ejéﬁﬁT§% tion

solid films rmade of - 9- ganic¢ pol yne as po or1de” of

the like. The %feﬁ&FQuWﬁ?bQﬁneﬁhESet ﬁm%ﬁﬁﬁraﬁkﬂbr% eSaSF§ and |liquids
described in therei desetssed LfAr sexanpHwand ahd.@NﬁﬁaMMhrmexE£",Memﬁ¥aﬁ@§e

and " Technol ogy of,__Pol Fil, l.nt er sci ence ( QZSE wWh
ext ensi ve appll%%tré¥33¥4%%¥ﬁ3%9nb gase VIt,
i quids are di swssﬁdisabSrgEr Hadrhgoarr)d J&hmmmmeqnmrm@n,ea«m York
Separ ati ons, ques of Chemistry, “Vol. VI, (A Wissberger,

edi tor) John VW{ey Sons, Inc., New, York (1975). A-preferred enbodinent _
of the invention enpbom%ﬁemﬁﬂ aemboddaenty / ofpathe orinventtian ehpthys a

provrdes an a%@xﬂyfaﬁéaﬁfe@%{éf‘}é&ﬁaﬁt&ﬁas%y‘slt"e?n“' HR{6h! "preYides an
g aqueous react1on mlxture or phase c1rculat1ng in contact
‘with one side of an ILM membrane and a product aqueous
'phase or mixture c1rculating countercurrently at the
opposite surface of the membrane. S. L. Matson and J. A.
Quinn, Ann. N.Y. Acad. Sci. 469, 152 (1986). The pH and
temperature of the reaction and product phases are
maintained at a value that keeps the reactants in a form

that minimizes their transport across the membrane at_pH'
between about 4.0 .and 9.0.__Transport of the uncharged
peptide intermediate from the reaction phase to the
‘product phase is driven by the concentration gradient

N ' across the membrane created by increasing neutral or
' "uncharged peptide concentratzon 'in the reaction phase.

'The transport activity or flux across the membrane can be

significantly enhanced-bQ the  simultaneous, - irreversible

_ conversion  of the transported -peptide, in the product

phase, toh-a._species that cannot back-diffuse. For

example, the latter cohversion'may result in the formation

-of . a polar peptide that cannot back-diffuse and. thus

supplement the drzv:nq £orce to achieve completzon of the

coupling reactzon . .- An  example of ° a ' membrane

_reactor/separator that could be adapted for the'practice

of the. present invention is found in U.S. Patent No.
4,187,086.



wi th one side of an | LM nenbrane and a product aqueous phase or mxture

circulating countercurrently at ~the opposite surface of t e nmenbrane..

'S, L'. Matson and J. A. Qinn, Ann. N. Y. Acad. Sci. 469, 152 (1986). TQ@ v

'pH and tenperature of the reaction and product 'phases are nalntalneda

at a‘'value that keeps the reactants in a formthat minimnizes their

transport across the nenbrane at pH s betwe@en about 4.0 and 9.0.

‘Transport of the uncharged peptide- internediate from the reaction .

phase to the prdwailyhbee izl tarnerivy t emnrarent r adaut oy caipnta ter 0SS

t he menbr ane r n rala r ged .
e ﬁﬁd’é’idﬂg %ﬁ i gc&?#él B id#@§@ Q‘E é/’ééf'@ | Of the .

concentration | reaction rans actl or
t he menbr ane RREFERE si gﬁVPP&éﬁFI y iékﬁﬂd#t%d Shet hérash kaw t aﬁéb&g modules

i rreversi bl e JuyaeIRedN 1 TN, T aRaRe t aboRidEeon i) dite EHAC phase,
to a spemes thatjtorﬁaimot back- di ff se. For exa the latter

conver si on t L3R AR amed"{:ﬂ’%tr Hebt ’Ele deviges ol
back- di ffusekmmh irhushe uapt enent the driving fofce to achieve conpletion .
of the coupling

- reactor/ separ at or i a%&.eggl’"8pb§°ad%?)}%ﬁa(§gpttﬁ@"ﬁpa?&q cRf oggfhém%}’e%%?ﬂ
i-nvention i s pepiidie n thes. ménbraneNoprdyvi8és08a. barrier AbetweEdre the

| t 't / f igui

et od Lo FEEMYSAP pndfOCIRE SERBLELnERY WM HANAN wrillddrdite
nodul es descmiF®g jafy, rRnd %wimme&ween. Xhem 7componentangf each -

conventional pHidsde and frane-type filter. devices "well known in the

art. In addltlon to .sel ective transpqrt. of. the uncharged peptide _the "
menbrane provi des? &® BSPFPéFedbé't%?n? hEeFEEEF/SEgﬂﬁ&§Qraﬁ9q&Md e

phase that priweat:aowadmerabim the present invention, the chemical
' equilibrium between the reactants is actually pulled" :

across the membrane by conducting an irreversible -

convers:.on of the transported uncharged peptide, to a

' .membrane~ 1mpermeable species, on the product side of the

. membrane. 'This type of membrane reactor/separator employs

a coupled _two_ enzyme. (El and E ) process of the general
typé: '

| gl g2

a* + B 2cpf

The charged reactants A and B are amino acids and/or ‘small
peptides which are condensed with the ‘aid of peptide -
forming ~enzyme El to form the uncharged intermediary

‘pPeptide g_ ‘which is selectively tran'sported 'across the

membrane to the product side. It is understood that

'rea"cti-ve-functional groups in the reactants that do not

- participate in the desired reaction may be protected or

blocked-' Where necessary, to prevent undesirable side '.
reactions and/or- changes in the products On’ the product
side of the membrane uncharged peptid_e Cc is converted to

charged peptide D which cannot back-diffuse across the

" membrane, causing the chemical equilibrium in the reaction

mixture to shift toward the production of more C.



ﬁixing of , and reactions between, the conponents of each phase. In a
preferred menbrane reactor/separator configured in accordance with the

Rregent i nvention, the chemcal equilibriumbetween the reactants is
actually "pulled" across the nenbrane by conducting an. irreversible
conversion of the transported uncharged peptide, to a menbrane inperneable
speci-es, on the product side of the * nenbrane. This type of nenbrane

" reactor/separator enploys 1 2 a coupl ed-1® enzyne ([err]) process. of
t he gener al type: [err] The. char%ed reactants [err] and B are amno acids -
and/ or smal | ‘pepti deFhiisi cAongeptcohderislddishratede il‘al gigurgepti dfdwr ey

enzyme ‘E  to sb‘éf:’i‘fﬂd”e WA gesk | nfyed medags Q@P&'decgnalﬁhgatibﬁ of
sel ectively trans rted a}cross t he nepbrane to the groduct si d )

under st ood” t hat P infharetRBlpesten nel tRadNyangd t‘ha‘?r%e‘%?d) -
participate in mmﬁmmdm4mwmer ot e¢hed ahebl oceesenyber eof
necessary, to even unde |r bl e‘h ﬁrgib eacti ons ‘and/ or-changes in the
products. - On the c,st“%l & ane .uncharged. peptide Cis
converted to char ged Imepthee’ re:aqmm schepe Hadcdustirdted dor Bbgute 1 the -
menbr ane, causi C uigl i r r Op Shisfat
t owar d the prodlrﬁ]%ta?g(?r%ng]eﬁ’r £ 6‘3 B %éﬁ%é&%%&ﬁ%eﬁ@‘ﬁhgg %Elfs%:lrja%e% 1B'n -lfs
Figure 1, for Nhéogwdl'fﬁ'@enzddsé"aﬁﬂartﬂ% enzyr'ﬂlq c rearEensati opre
of DL-phenylal a&bﬁ@.e'?ﬁé@"oﬁStﬁieWHéadﬁ\i‘&ﬂdsﬁaef]oPrQ‘lﬁCtﬁmerane by the

N-fornyl -[err]-benz L-aspartate [ esence of .t her npj S|n
at abgﬁt LH S]SenlzﬁX"tene reg@?wgﬁ?ﬁe fqu“l?sﬁ?a i pnehgrged: qe&tid/

U The pH is selected to maintain the reactants in their

charged state and thus minimize their diffusion across the

membrane along with uncharged peptide C.

Although  the chemical equilibrium for the

_ condensation reaction largely favors the reactant A and
._g' species, diffusion of the uncharged peptide product Cc
-across' the membrane to the product side-_requires theh
_constant production of 'C .to maintain the chemical
equilibrium on the reaction side of the membrane. '

Oon the product side on the membrane - an esterase

2 quickly and irreversibly converts the uncharged

enzyme E
peptide c diffused across the membrane to charged peptide

_ D which cannot back-diffuse to the reaction side. Thus
- - the' chemical equilibrium - on the reaction side is
| effectively "pulled” 'a_cro_ss the membrane and toward the
p_roduction of uncharged product C. Thereafter, the
peptide D is converted to aspartame by acid hydrolysis, .

which removes the formyl and benzyl protecting groups,

' followed by C-terminal esterification with methanol. .

_ The foregoing method may'.:_be practiced in a
_countercurrent - flow membrane reactor/separator 10, as

shown _in. Figure'z operating under controlled conditions

of pH and temperature, so that a _reaction mixture
comprising a N-acyl-B-substituted-L-aspartic acid, e.g.,
N-formyl_'_-B-benzyl-L-aspartate, havin_g a free e-carboxylate
group (.elect'r_onegative_' species) which . is allowed to
. condense with a reactant. e.g, D, | L-phenylalanine methyl -



reactant A+ is D, L-phenylal anine nethyl ester and B is

N-fornyl-[err]-benz
on the-reaction sid
form ng the uncharg
reactants in their
t he nmenbrane al ong
equi librium for

and B speC|e§stéft
nmenbr ane h
t¢falt

to nanualn
menbr.ane. On phetea
qui ckly and | ﬁ
t he nenbrane

si de. Thus bherln
.effectively I
unchar ged egé £
aspart ame by h%lﬁlﬁ

pr ot ect I ng gr@upgug

yl -L-aspartate. The - .reactants are condensed
e of the menmbrane by the enzyme [err] thermolysin -
ed peptide C. The pHis selected to naintain the

charged state and thus mninmze their di ffusion across

vm t h unchar ged peptid gL -At hough t he chem cal
t he condensati on reactlon | argely favors the reactant A

fH&VQﬂgOE bhewhelwag@&eeeauadaww C across the
oduct U|res t st ant, rqductlon of

EﬂBﬂF&EFVSqEPF dEsdn 3R 2. RtaiviR astin o
sdacactivee inn thiee piic Hangec ofar4 e sad ywwhdea E

b AR R Tl %%’%?‘ SRR DA Ot on

denpcibnigegdi IgerMMm(edmctmmeurtmdt ispecisisle. On
ac€3695§ﬁﬁae ?E%”%a%n@i‘iﬁeo i tﬂb%d%{ﬁﬂ#%i)a{hr&f

erea the ept| e Dis converted L

Gaiaked| Sroprepctory Fan Pdaed bihdPWBhAAR,
ﬁoféédﬁdnb)éoﬁdhe.ltmlmakw fsefi:&tﬁaﬁbﬂ\ﬂlld”l tetfwat . The

Fenctor / epar aer cXDRNAE Ao BRIEH ERGuRER, 0 FRARET, AT A don i TR

condi ti ons ofppbdun

N-acyl -[err] - Q?ﬁ?iﬂéeguEI?ZBQBEb%t@a %Pcﬁ%ﬂged:Fep ﬁbo%ylate group

N-f or nyl - B- benzy
(electronegatfvémYb

t sédpepdt the, membmhmc»@ mmmduan1mmxuureaqanweepng a

havi ng [Cerr

pécgegfylvmLcﬁsnagtYdHImB@&nnl@l@mmwm% gster V

reactant.. e. gtrghspoﬁﬁéayhéké&bnthﬁﬁhﬁﬂbrane} %% circulated from

produc
produc
separa

t reactor tank 22, aided by pump 24, through _
t sweep 1n-condu1t 26, through the product s1de of
tor 18, “to product sweep out-condult 30. This

" product mixture includes a second enzyme E2 an esterase,

. or other suitable reagent that ‘¢an cleave at least one

of the protected groups borne by the uncharged peptide,
thus generatlng an electrocharged spec1es that cannot
escape the sweep stream by back-dlffu51ng through the
membrane. If an esterase is utlllzed a preferred
esterase will have proteolytic actlylty and a preferred
pH range of from 6.0 to 9.0. Aminoacylase I, a-
chymotryp51n and subtilisin A are examples of esterases

-'cons1dered useful in the present lnvention, the

'_preferred pH value for the f;rst of these being about

7.0.

The charged product_may-be periodically discharged
and/or’c0ntinuously'remoVed'from the product phase by
conventlonal means such as ion exchange re51ns, and the
remaining effluent may be recycled through the system.

* The resultlng product bound to the 1on-exchange resin

may be desorbed and recovered u51ng conventlonal
procedures. S

The- selectlon of approprlate deprotectlon
reagent(s) is ‘determined by the chemical nature of the

‘ .



‘ester, havi ng a protonated free a-am no group (el ectropositive species),
under the catal ytic action of proteases active in the pH range of 4.0-9.0,
Xield a fully protected L-aspartyl-L-phenyl al ani ne di pepti de bearing no
|on ed groups (el ectroneutral species). On the reaction side of the
menbrane, the reaction nmixture is circulated fromreactor tank 12 ai ded by
punp 14, through feed-in conduit 16 through]separator 18 to feed- out
conduit 20 which returns to reactor tank 12. On the product side of the.
menbr ane a produptroterting grospecusiedclondithg tahbyaptsbesu@h asc bl ged

pept i de, 0. NoxDOLMKEal S LER02A3Y adha?S AL ¥ irBiedded agia iy

ester transportetl across t s civculated from product reactor
tank 22, ai ded bghpdmp £, PERtEGHANS SFQUPSsdSepn Fuxsnddctated bt ough t he

product side of §€Eﬁ&%h9511%oanrﬁﬁﬁﬁﬁﬁhmE ] Byt thenadtivd0 sitBhicE the
product mixture includes a second enzyme E2 an esterase, or other suitable

reagent, that caROBRAERFENG: YT one of the protected groups borne by the
uncharged peptide, thun general, ng:hm etizgieso asafgdd md:heeyrlalﬂmlaeamﬁ)t

escape the sweep,. trean1b back-di si_n
esterase is utilf 3dpr§s’§¥‘ é'lnl’vggl °¥' Pé‘%ebv%roleiwihx%e%pro 0 yt|c a&tﬁ\%%sy
and a preferred leﬂaﬂgpn@tdasaaASHQMQD may. banidividgdadatio tao groups.

chym)tryp3| n andpRub Si 8% ¢h me_&_pnsﬂqﬁw(bm ful
in the present m@keénﬁn e c'% eog{g‘erred pH val ue faqr_ the f'i rst of théﬁe

bei ng about 7.0. ciﬁév@hé-rng’@c}' driskagesmpnsk exopeprloases (iviieh ST ¥and/ or
cont i nuousl y rempyedvir e@rdinal aduagemse Usse fudeamymars L rrslanee saeofiras

Syarem The resuPERS LIRRRR (Bour A2 nE1eoh e AR R S, e

desorbed and recesubitdd iisdinn BNRIN\eawl iAminiomobactdin m’otﬁﬁ@%-elfétltqlon of

approprlate deprgg%gg iHNises (EC 3.4.22), such as papain; carboxyl
proteinases (EC 3.4. .23), such as pepsin; and
metalloproteinases (EC 3.4.24), such as thermolysin,_-

~ prolisin, Tacynasen N (St. caesgitosus)'and Dispase.
'Conveniently”such enzymes are used in the pH range 4.0

to 9.0, preferably 4.0 to 6.0. Binding of the enzymes
to insoluble supports, following procedures well known '
to practitionefs of fhé art, may be incorporated to the
practice of this invention; and although binding the
enzynies is not an essential step, it may be desirable in
certain applications. When an immobilized enzyme is '
used,. thé.pH-of the reaction mixture is advantageously
re—adjustéd to about 5.0'prior to transporting the
uncharged pepfide'from the reaction migture, for example
across an ion rejection membrane. Among the many
proteases potentially useful for the practlce of this
invention, thermolysin (EC. 3.4.24) is the condensing
énzyme most preferred because of its remarkable

" thermostability, wide'availability, low cost and broad
useful pH rahge from 5.0 to 9.0.' The prefegred pH for
thermolysin is about 7.0. Other preferred proteases
include pepsin and penicillopepsin [T. Hofmann and R.
Shaw, Biochim. Biophys. 92, 543 (1964)] and the |
_thermostable protease from Penicillium duponti [S. Emi,



- E )
reagent (s) is determ ned by the chenical nature of the - 13 - protecting
groups used on the reactants, such as N protected-L-aspartic acid, andﬁgs
i ndi cat ed above t he choice of protecting groups is in turn di ct at ed by o, *
structural constraints inposed by the active site of the condensing enzyne.
In general, the enzymes useful in the practice of the present invention are
proteolytic enzynmes, sonetines called Qrgggases whi ch may be divided into
two groups. The nore commonl y used are endopept’i dases,’ mhlch only cleave

IUerferl l'i nkages, andmgéeaeahadasﬁst 1ékoshcen! YBﬁb%éﬂt;TsQrﬁ Isrﬂkages
eful enzyne e serine i nases suc '
chynot rypsi n, ?}$€6£y §§8¥prgﬁﬁ EﬁPexgﬁ& hFBn% éPanﬁtéﬁﬂyttﬁﬁ(ﬂ
~proteinases (%353, 4e2§j.b1tugbods sp:apdﬂ.dtycaltbsnyzh pHst,ciamds@o Mok 3. 4. 23),

such as pepsipg z&fi’e %‘ p2REALRILNBFE N4 EC c%-ﬂ 1% &N ¢35 of d£‘1'r¥s' n,
prolisin, TaCén caesp Pt 55US T nvenle y such
enzymes are u 1¥n39héVBFNrange 4.0 to 9. 0 preferably 4.0 to 6.0. Binding

~of the enzymes to -rﬁéObyabeleaap%haaztaellbﬁ%&ge%%&%ce%cwell known to
practltloners of the ncorporated to.the practice of this

i nvention; nﬂe%??FbHQFYbFHB¥nQSVhéneﬁ nEEsPstGFr&Peés§§ﬁtFal step, it
may be desi r gptedusctiont arfnomwl lth&t LQusisdhel of Itmlpldpﬂi@% gzvs i s
used, the pFi@f th reac g ﬁ&% iS advantggFg ﬁ. reﬁ usted to about
5.0 prior to THaRS %¥tFﬁ a ﬁg g Q288G FReSF-6frt A% ion mxture,
for exanple aﬁmnstlanlngnofephetmembmanbnane -Among the many prot eases

potentially useful for the practice of this invention,. thermolysin (EC.
3.4.24) |s the conden3|ng enzyne nDst preferred because of |ts renarkabled



thernmostability, wide availability, |ow cost and broad useful pH range from
5.0 to 9.0. The preferred pH for thernDIyS|n I s about 7.0. O her preferred
progeases include pepsin and peni ci |l opepsin [T. Hof mann and R Shaw,

Bi ochi m Biophys. 92, 543 (1964)] and the thernostable protease from .

Peni ci | [ i um duponti (S Em , --13a - D. V. Mers and G A lacobucci,

- Biochemi stry 15, 842 (1976)] They woul d be expected to function at about
pH 5.5., exhibit good stability at.such pHs, and do not require the

pr esence .of Zn+ehemdic@i+matuset @fraithieai suppert aviterial anel ppHctdfakhe

real i zation of gﬁ@g#hgmﬁri ti%k‘ %tﬂavg dy that is, in the case described

above, productio i'soner of the peptide [err], is directly -
related to the enzynﬁnsel e(me%febmqirml memRnanai ngfor t honRatkeing  the

-14- chemi cal nabaoe aEsUﬁb%woporstpereatﬁrd a' md¥hedl! ofishe aqueﬂyéraﬁaebu@n
phase. One  pref erre nbr ane ct.icin t he above-descri be
specific  met hBf YPFQPY]-&ne WPHPBBEFOUE‘E'E'GI 3[3110p9pg|]ré‘d1§’l?pp8rtm e, ©

including a m ntnéﬁadebahohexmcmocmchm desmenid iizetbbtherednt her This
Thi s menbr ane i's avai |l abl e Bend

Research Road, BEpgra Geegor?‘qaﬂo“lva%{n%bk un&é‘l’m{eﬁgaé?%%enggr%?agg gnaH‘Sn'
"Type 1 Holl 0w 455De Re s8alrett iRead) aBends Deeigoand7781) i&. Prief cunddrwithe

A I s
- D1a1y81s Membrane"” and is preferred with the reactions of

Examples 1-4. Another preferred membrane utilizes Celgard

: \,/ Type 2400 polypropylene hollow fibers (Celgard is a
registered trademark of the Celanese Corporation, 1211

Avenue of the Americas, New York, N.Y. 10036. Celgard can

‘be obtained from Celanese Fibers Marketing Corporation,

Charlotte, N.C. ) as the micrbporeus support material

including a mixture of 3OA v/v N,N-diethyl- dodecanamlde in
dodecane as the water-immiscible - organic liquid
immobilized by capillarity in peres_of a microporous sheet.

of 'Celgard; This membrane was 'obtained from Bend

Research, Inc., 64550 Research Road, Bend; Oregon 97701,

U.S.A. under the tradename/designation "Type 2 Hollow

Fiber Selective Dialysis Membrane" and is preferred with

L . the' reagtions of Examples'_5-9. Celgard Type 2400

' polypropylene hollow fibers having a pore size of 0.025 -

0.050 ym and a wall thiqkness-of 25 um were utilized in

the"l‘ype 2 Hollow Fiber Selective Dialysis Membrane of

Bend Research, Inc. When operated at pHs of about 5.5,

these membranes exhibit a high selectivity, for example,

when practicing the process of Figure 1, selectivity in

the range of about 500:1 (w/w) in favor of the uncharged

'peptide species have been ‘measured. That is, 500
milligrams of the uncharged peptide (C) are ‘transported

across the membrane for each milligram of charged reactant

(A* or B”) transported. . |

As mentioned above, for the application of the

present invention it will be necessary, or desirable, to



regi stered trademark of the Cel anese Corporation, 1211 Avenue of the
‘Anericas, New York, N. Y. 10036. Celgard can be obt ai ned from Cel anese -
Fi b’é?s Mar keting Corporation, Charlotte, N.C.) as the m croporous suppo'q__,-' "
material including a mxture of 30% v/v N, N-di et hyl -dodecanani de in

dodecane as the water-inmiscible or ganl C liquid i mobilized by :
capillarity in pores of a m croporous shee{ Cel gar d. This nmenbrane
was obtained from Bend Research, Inc: %2550 Research Road, Bend, o

Qa0 S770lny bR A Btk UEel YRR CoRLARRL AR, TGO R BT

Exanpl es 5- ﬁeactaﬁalsgarandTypeodmm@ pdty pr ppevens hmndﬁsir&ls haideg a

pore size of -0a02pons0. PAREDBAILY W"%Uer{f” g%eaaat% € qlsl; e
= er ect TV

~in the Type ow Fi % nbrane. o Resear ch,-
I nc. When operadegtatandionhi ragyge 5'1@' yhedd antb §ﬁess‘%9m:'$ﬁ§ glecgro

se: eCE' vi :y clfzai- ééanﬁi elnﬂéefgea?.&%()cﬁélﬂt.*/_@é pr or#&ts T EeOff B'teﬁ.w 111F]sts a
selectivity in t ge u W e _unchar _
peptide. spetrebesnak Salentedo somtinaritng of A °%e§8’d'"rﬁlg¥%’1‘3?rsga'%the
unchar ged . pegiéptotecriare toadirdorar sizedsd t e n‘eashmmifo@r ¢ddh the
mlligram of cha ed r%a%iﬂ é@ q{ ) transported. -As nentioned above,

for the appl?f%‘f’ ﬁeo %ét rﬁn IEnti on it will be necessary, or :

destrable, to -1 5- block or protect ‘various functional groups on. .
"the reactants and products to. prevent -undesirable side reactions that
coul d prevent production of the desired product and/or reduce its yield and

to suppress electro charges in intermediate peptl de. . Table |I belowIi st_y
~a series of selected conbi:nations. of protecting gr oups and depr ot ecti on :
condi tions useful in connection Wth the - _



e . . . .
practice of this invention:

t he enantloselect|V|ty of selected con

methyl

-16- TABLE I.

functional ~discrinmnation e _
i nvention using N-formyl-L yi}-
| NH
| llag'
R 2 &
W, UCHZO- ﬂQHZOCO-..Cﬁso-_
'ICHZO— ..-C3”= 0. qaso;
JcH,0- = -CH =0 . - CH;0-
 ter-BuO -CH = 0  CH,O-
. CH,O- -CH = 0  CH40-
CH3Q- -CH =0 CH3°-
NH,- ZGCHZOCO-CH30-
L-dihydroorotyl-L--
U/ " phenylalanine
ester

GCHZOCO:CH

poy50-

'CH.,O-

30-

3-

enzynes

PROTECTI NG GROUPS AND

DEPROTECTI ON REAGENTS USEFUL | N THE SYNTHESI S OF ASPARTAME (APM . R Goup.

R1 R2 R3 Renoved/ Reagent: ‘Product [err] [err] !

[er?f RL, [err] - APM [err]- -CH =0 [err]

[err]-benzyl - APM OCH O- '-CH =10 [err] R3/Fungal esterase :

N-fornyl -3- benzyl -L- "aspartyl-L phenyl alanine ter-BuO -CH =0 CH30-

[err] "APM. CH30- =0 [€16% R3/fungal esterase

N—fornyl-lsoAPM [err] ‘Lfrr R3/ a-ch nDtry si n
.N—fornyl-lsﬁABﬂE[érr]PROTECQRNG PEPRE Na EAGENTS

N CBZ- APM L- dlhydroor&ﬁpEuL-IN SYN qsnwa AME (APMpy

phenyl al ani ne t0|nase met ster [err] 3 [err] .

[err] R-/fungal -rase [err] - [err]
[err] R/ penicillin ' APN@B- -17- As a result of

and -t he
the practice of the
ester: and . D,
. Group .
Removed/Reagent .Product
s}, Rr? /(Pd)H APM
R /33 B-benzyl-A?M

&3 /Eungal esterase

RZ/H3

1
3
3/a-chymotrypsin_
Rl/asparaginase

1

R /hydan-.
toinase -

R3/funga1
" esterase

' Rz/peniciilin _

‘acylase

RY/fungal esterase

N-formyl- -8~
benzyl -L-
aspartyl-L
phenyl-
alanine

APM .

N-formyl-isoAPM

N-formyl-isoAPM

N-CBZ-APM

- APM

N-CBZ-isoAPM

- APM-B-methyleste;



L- phenyl al anine nmethyl ester could achieve a 99.8% enantioneric
resolution of the racemc phenylalanine nethyl ester reactant, the
L-enanti omer appearing as - _ : : : .
N-fornyl -L-aspartyl ([err]-benzyl)-L-phenyl al ani ne met hyl ester, "an
aspartame derivative, wth the  unreacted D-enantioner renmaining in the-.
reacti on phase. The D-phenyl al anine nethyl ester remaining in the reaction
phase may be recovered therefrom re-raceff7zed to the D, L-stage, and '
recycled into the feedstock. -This is an advantage conmon to many processes’
“enpl oyi ng rdcenm Adsmnancresulitr exft dives, enangipselbetivity poﬁcw.eibaisal bed
above. The % t r en V.,
COHIMHE £t 3 it %Hza,fqﬁéso Una ! the 1drRMENY; %h nt{m%}

| east in part, fromthe use racemate feed reactant rat

more  expen$XEFtest ebye e cMembIanf i ofBR. Pragiicedednt the |i§'lvfﬂiﬂ-'é-°n

possi blg byutdieagn sN-tfdawlceﬂ-msﬁwlm-séniiaﬁ D, Le@b@Ry! al 2xid ne ﬁ?t hyl
ester ue

th t | t t d
enzyne; an&‘ (933 ’&W#ﬁ'&%‘%ef%&?\ﬁt Iyo?sﬁet?e%el %:?Héfjanea?#?‘é?sgp gPSI

unchar ged smmmon@ﬁfcer redsonmttnods dfor thée rhocemtast pl*ﬁmvﬂaasarmne)f

racem c phenyl.al ani ne ed th ILli.zation qQf benzal dehyde -
via 5- benzal'%x; m% §t§§f’fede€ﬁe Egé nﬁllg%‘@% APFC AT at ytic
car bonyl at i dbh-f@frnnein-zl'.y}asnﬂmybéﬁtbepaghyi-bypben(yladlachirm pr ocedumethyl
devel oped by ggagant @g) TR ChefEYbelve Tokmtﬂapg o SUfHlddBtRd
referred to the Soda rocess a Manutacturing

Co., Ltd. %mom%p%eﬂai%nw B?eeassﬁsénapeehwet hose skilled in

the art that the mfsacu-%e@xfyltalla&ziﬂwem@mw Seaebrneseﬁaahihzg rest riyd ed
to the syntheS| o tide S\N%ﬁteners ahﬁs artarre or, its .
anal ogs ~and®3& MRy he FROSKers 9ra|f e TSERATLZa%% to

syntheS|s otnﬂfuﬂn-stage, and recycled into the feedstock This is
- an advantage common to - many processes employing racemich
.amino acid reactants, e.g., the '311 process described
- above. _ '
. The' economic advantages of the present inventiom :
derive, at’least in part, from the use of a racemate feed.
reactant rather. ‘than a. more, expensive pre-resolved
L-enantiomer. p This advantage is made possible by the
.1n 51tu optical resolution of the D,L-phenylalanine methyl
ester due to:  (a) thé 'enantioselectiv1ty of the
condensing enzyme; and (b) the high selectivity of the
membrane in favor of the uncharged spec1es '
Preferred methods for the low-cost synthesis of .
racemic phenylalanine are those based”on the utilization
of benzaldehyde via 5- benzalhydantoin sometimes called the
Grace process, or the catalytic carbonylation of benzyl
chloride to phenylpyruvic acid a procedure developed by
Sagami'ChemiCal Research Center, Tokyo, Japan (sometimes
referred to as the Toyo Soda proCess of Toyo Soda
Manufacturing Co., Ltd., Yamaguchi, Japan).
It will be appreciated by those skilled in the art
that the practice of this invention is not necessarily
'_restricted to the synthesis of peptide sweeteners, such
as, aspartame or its analogs and derivatives The
1nvention may also be used for the synthesxs of other



*18- useful peptides, di-, tri- tetra- and pentapeptides, or peptides of
hi gher conplexity, that are capable of diffusing through a

Rernsel ective nenbrane at a reasonable rate. For exanple, considering the .
bond~specificity of thermoiysin, and assuming the presence of only
one thernolysin sensitive bond in the product (indicated by the arrow in

“the fornula bel ow), one could syntheS|ze neﬂsenkephalln (1) by follow ng
schene: [err] [er ThernD ysin 5.5
(+0CO) - Tyr -G y-‘@%‘g‘*i‘l tidesy FLR % pf%, ée&re y- B REPteRepPEidps. or
feasibility Ofeptidéepmbse hﬁqhdr <ﬁ6mp&§xrt§ynibhsts agk capable of _
e enkephal |1 P00 ASTEh: ST KRR e3R8 1030 el i L RIS
Anot her. pot ent irdte. uséart . eppinpd;etl cnortﬁldéreixmethst baondbnepesificitsy of
the enzymati of ( fald o
schene: -19%1?1.@%??% &EQ) 9’3@1@% B“F%Oz—%fgge & grfrm}gfg'?‘{n p
5.5 [err] [err]thermolysin qusqtnﬁg bond ineckhp mue uct (indicated by
Val D Phe the. ar;ok?rih [@ﬁé] Former | below), one could synthesize
| met-enkephalin (1) by following scheme:

(Bzl)
: : (+0CO)-Tyr-Gly-Gly-OH + H-Phe-Met-(Q+)—C(CH3)3
o 4 Thermolysin pH 5.5
(Bzl) =
($0CO)-Tyr-Gly-Gly-Phe-Met-(0})
. R . i

v Hy0 -

H-Tyr-Gly-Gly-Phe-Met-OH - (1)
_ The feasibility of a -stepwiser total enzymatic
:synthesis of -met-enkephalin using ‘e-chymotrypsin and
papain has been documented in the 1literature. ~ See:

U : W. Kullmann, J. Biol Chem 255, 8234 (1980).

Another potentially useful. application of the present
invention is in  the enzymatic . synthesis of

B Gramicidin S (2) by the following scheme



eu [err] [err] [err] (2) [err] Various other exanples of the enzymatic .
synthesis of useful peptide products where the present invention may fi
application and described in the literature are the synthesis of -
angi ot ensi n, ‘substance P. el edoi'sin, caerul ein and Leu-enkephalin.
Those skilled in the art will appreciate that the present invention may
also find application to other systens besides peptides. For exanple, t
use of ester hydrolases like pig |iver esttOrase [EC 3.1.1.11 for the

asymmetric resolution of . prochiral dicarboxylic acid diesters into
chiral nonoesters is- v | H- TR (CBZ) ShaueP-Bhe-PAoOR Y. Acad. Sci.
239 (1986)1. The sanme enzynme can be used.in - -20- the fashion descri

in this invention for the resolutibn®of TheameAysinc®H&xP i c - acid

conpounds,

menbr ane and t he retentron of t bl
reacti on phase. The W%ﬁg’%ﬁtaile
further illustrate the %¥ i nventi onP E
derivative was pr, d in accordance with th
follows: To a {%olution containing 5.02g5%°
N-fornyl -L-gspart

met hyl ester in 1

through the selectiye transport of a chiral ester t hrough

npl es are presented to
npl-e 1...  An- aspart ane
resent i nvention as
(20 mol es)

| -[err]-benzylester,” 4.31 g
0 nmL |n wat er, adjusted to

Pro - . ' -‘V_al
\SibPhe .' ////955?2;;)

v Pd/H,

-ti--.-. S eu\\\<\\\p
’//,/OFE"”’,”L - D-Phe\\

Val . ; o - leo
Lro\§ : O/Val.

- Var;ous other examples of the enzymatlc synthesis of
useful peptide products where the present invention may
find application and described in the-lzte:ature_are.the

'SYnthesis of angiotensin, substance P, eledoisin,

caerulein and'Leu—enkephalln.

nd B

he

471,
bed

t he

-reactive enantioneric acid in the

20 nnDIes) L- phenylalanrne

'Those skilled in the art will appreciate that the

' present 1nvent10n may also f1nd application to other

systens besides peptldes

- For example, the use of ester hydrolases like pig
liver esterase [EC 3.1.1.1] for the asymmetrlc resolution
of prochiral diqatboxyiic acid diesters into chiral
moncesters is well krown [c.J.'Sih_et al., Ann N.Y. Acad.
Sci. 471, 239 (1986)]}. The same enzyme can be used in




[ .

pH:5.5,. was added 500 ng thernolysin enzynme (Daiwa Chem Co., Osaka,
Japan). representing a total of 8. x [err] proteolytic units. The
resu{ting clear reaction mxture was incubated for 15 hrs at 40[err],
when “"the presence of insoluble dipeptide,qa. . '
N-fornyl-[err]-benzyl -L-aspartyl -L-phenyl al anine nmethyl ester becane.

appar ent . Thethesﬂhhhﬂenﬁuéfs&&ﬁb‘é@s itnh%ﬂg QQﬁ%dﬂd’h 260, n%hé( eéé&hution |
connected to the reaction, side, t ube

experi nent al ho‘l’Fow’:ﬁcﬁé‘P‘%epéPé'PB?‘y&ﬁ"a B%ﬁggReMR‘?anﬁc bhﬁ?b‘@hl the
Hol | ow Fi ber Sesetectivd sraaspolitnivfanac’cHilrall st rethrhowghatige f idhbAane

nb f nbi hel | d f th
separ ator) was BaanchecHéEEntilR B¢ i2 WRRTANE S ARt Tesenie tebtatn
vol ume = 200 * the meactiontphmseg 500 ngy of the enzyne Acylase |
(EC 3.5.1 14) from ApRerokbi vsw By (ééemguﬂgﬁ;mgigspwze %Féi;énéaay”&

usual |y described. as an am noacg ase unct1on
C-term nal est efdsBhepnipiugtra 8et"'§‘le PxeFemYy domantian - benzyl aspartane.
The reaction and product m xtures were circul ated.at room tenperature

t hrough the hgl I ow! f:! ber separator countercurrently . at the rate of
600 m./mn, w am $si stance of peristaltic punps. The configuration

of - this: appar at usAnesampdtandatierivative edasn prepared. ifi neecobdidice
reactions. Wsﬁéoénagggt E.B@en‘taﬁto%r a@y%r q_llyosts_) are protogenic, the

pH i.n both the reaction UCt "mXtures drops as the process .
progresses Const anc¥o of a pH soliytiamwt h containéactloﬁ Zael  pi2Queuoles) -

i x{ures, vas il A ahpeonl REgUORyUB-BRRLG dieR 2 5, 3ThG (bE H@ULQQ)HO{C

N-f rryl-[err] benzyI-L asparty Eeny Falaniné ~was nonitore
Chr onat ogr aphi & Y&%ién%\ﬁg E‘Gﬁbﬂét SGtGﬁ' 0T mivdide (waker i ad}

along with. a. Ltiﬁ-lssest,rWIadaeal 500t @iy OthéPho BysPR4eRByme (Daiwa Chem.
Co., Osaka, Japan) representing a. total of 8 =x 10
proteolytic units. '

5

The result_irig clear reaction mixture was ‘incubated -
for 15 hrs at 40°C, when the presence of insoluble -
d'ipept'i'de _, _N-formyl-B-benzyl_—L-éspartyl-’b-phenylalanine
methyl ester became apparent. The resulting mixture was
. then placed in a 200 mL vessel,- connected to ‘the reaéti_on
side, in . this case tube 'side,  of an experimental
_hollow-flber qeparator of a Bend Research, Inc. "Type 1
"Hollow Fiber: Selective Dialysis Membrane" that provided.
1 square foot of membrane area. The product side of the
membrane -(shell side of the separator) was connected to a
source of aqueous' (product)'mixture ‘(total volume = 200
mL) - containing 500 mg of the'-- enzyme ‘Acylase I (EC
3.5.1.14) from Aspergillus Sp. (Sigma A 2156), at pH 7.5.
This enzyme," usually described as an aminocacylase, was
found. to function as a C-terminal esterase, on both
N-acetyl- and N-formyl-B-benzyl aspartame.

'I'iz"e_ reaction and product mixtures -wére__circulated at
. room temperature through the hollow fitier separator
countercurrently at the rate ' of 600 mL/min, with the
assistance 'of _pe'ri'staltic pumps.. The configuration of



for the detection of the amno acids, fully protected product dipeptide,
and di peptide. - The colum used was a NOVA- PAK Cl8 Radi al - Pak cartridge, .
8rm x 10cm housed in a MIlipore Waters RCM 100 Radi al Conpressi on l\/bdw'e.‘
The nobil e phase used for the detection of the fully protected di peptide
was a v/v mxture of 45% nethanol (HPLC grade).5%tetrahydrofuran (HPLC
grade); and 50% of a. 1% KH2PO4 buffer sol ution. For the detection of .
the product dipeptide, the nobile phase.pgonsisted of a-v/v mxture of .
40% et hanol and 60%of .a 1% [err] buffer solution (1 nL of triethylamne

‘per liter aahuenapﬁaﬁaaddeoké@emmm Ahdti Hi1N0strd tee Dh' VSl U3t ed
down to 4.3 smg% or£¥ aci d) Teflgg/rate ﬁ_{)t at 1 3
nL/ mi nut e. ?ﬁ@ da QaCtiang; | nfrondgnsat PRy | e ester
N-fornyl - [ ehy]:lrbé.lyzylls-)L ausgaplrpltclgqﬁimmyl ahenlpma in botinrthedreactddne |1 .
bel ow, and Lg 4eX t C tide .
accumul at ed® Ed B %ﬁaﬁg % th ?%r O%fro%re% :Lunei’r?%é.gg *fe of

t he unchar gsanertpapm d@ﬁ:omfént réni oho&fﬂ eqlhﬂ i uemimu cAndor peogaeds t o
i 1S saturat poQ+RYed!, WA é""’i’&ﬁrn?icﬁﬂ% %hro éﬂé‘”@s&oo?ePﬁbQ\{EtQ 05% at 25

[err]. The anount Of unchar t1de Transported square foot of -
nmenbrane per ho@he\lvasf"FBéﬁ on; o BE M’mzbﬂﬂnhen?-ﬂarEaﬁﬁﬂgrﬂiwérﬁ-

mai nt enancepbnka 196iide. Dijagn meaiitor@dli 50! nm.@n -of Chk‘BﬁQltBQE"iphic
dlpeptlde and/or, di pe tlde nt hesi s de novo. - St co | et'e
di ssol uti on2Bpl¥RES wa ’i?dfe°nur?ch'§F§€8r Mﬁé’r& epPBIEUMBRL the
reaction m xloheg mmtzsemmdSpéberoabamto'& lTs dd&éﬁtdﬁesé'eaﬁtl @s4vam .
Puneron i naPkoreib, e qilied, JeChRet ! shinsREGL, TS, Sprolag ™™
proceeds atprodusidyimeptide, and dipeptide.”  The column used was a _
NOVA-PAK Cyg Radial-Pak cartridge, 8mm x. 10c:i\', ‘housed in a
Millipore Waters RCM-100 Radial Compression Module.
. The mobile phase used for the: detection of the fully
protected- dipeptide was a v/v .mixture _of 457 _methan_ol
(HPLC grade). 5% tetrahydrofuran (HPLC grade); and 50% of a.
1% KI-I2 4 ‘buffer sqlution-.-' .For the detection of the
product dipeptide, the mobile phase consisted of a v/v
mixture of 40%. methanol and 60% of a 1% KHZPO4 buffer
solutlon - {1 mL of trlethylamine per liter solvent was
added to minimize tailing and the- pH was adjusted down to
4.3 using 80% phosphoric. acid). The flow rate was kept at \J
1 mL/minute. o ' '
. The  HPLC data relating to  formation  of
N—formyl -B8-benzyl-L-aspartyl- L-phenylalanine is summarized
in Table Il below, and is expressed as the total amount
(mg). of" product ‘dipeptide ‘accumulated in the product
solution as a function of time. _
~ The value of the uncharged d_ipeptid’e concentration at
_ equiiibrium. which corresponds to its saturation peoint in
water at pH 5.5, was found to be about 0.05% at 25°C. The
amcunt "of"unch_arged dipeptide transported per square foot
of membrane per hour was f_ound' to be about 200 mg,
indicating that -mainte‘na_nce. of : the egui_libri\im required
dissolution of insoluble. dipeptide and/or dipeptide
syntheeis de M. Almost comple_te dissolution of the



R :
‘The observed rate of formation of product dipeptide of 2 about 200 ny/ft
[hr-(Table I'l) was confirmed simlar to the flux *of uncharged di peptide
acrgss the nembrane (190 2 ng/ft /hr) measured at 0.05%in water as was
antﬁﬁfpated on theoretical grounds. At this point the described system
woul-d be expected to continue in steady state_if continuous addition were
- made to the reaction m xture of the two aningzaC|d reactants, at a rate of

about 120 ng/hr]lmfe%?ig K QhEQ aysé2 sseat;%fg%i&l?unggar%g di eénéé

In order to ful I ze ran S sel nt er cal ati on o
second nenbran@ﬁ*ﬁgﬁﬁlEESMPPHEFN6¢W&ﬁRenﬁ#hﬂ%me5bbrauewhna @mﬁéﬂﬂaQﬂl¢D

the second enzypes NB¥o aece%'sqﬂvo@essueﬁet atse| SEITYbIY REr 23S shoWn U
menbrane is | ower due to the iggean1no acid concentration in the reaction

sol ution. The prdks 3ol ufhen Brnfpngddonedgfdcaresafhnt &he Frapster
ang cool edt alt | Zk{ﬁrpe}pm/@e naghbss tREempmbeiapiet @g&c@@dseewech Vitse BE Q¥ted Bl
and recrysta | ive
NTormyl 2 ferr] Wb SPRRIYEsh FBFe' (o, s RatARmcof | Brepi¥e _dtpeptide of
- 5. 6[er(rj] f)C—lhabOLEt ospo mgl;lfeﬁt i/Gat DLabRe IIQ- k&3 tcondiimmedieaimé laanpte
repare t t r %iﬁggg &P@Q%F
gspgrglllug esﬁgggsETqu% dﬁ%é?éﬁed*ﬁg g§%}hgrr qugng \ﬁﬁjbo
(mn) . Anoumw{)%*f)tﬂ@ié) pheasuresolat | On0f¥%yinzvater as was antil@@%@
228 120 ~ on theorefidail8§rounds. . - 617 :

"At this point the described system would be expected
O to continue in steady state.i£ continuous addition were
made to the reaction mixture__of the two amino acid
reactants, at a rate of about 120 mg/hr each, to keep the
:system saturated in uncharged d1peptide
" In order to fully realize the membrane s selectiv1ty
the intercalation of a second membrane in series with the
first membrane before the contact with the second enzyme
may be necessary because the selectivity across a single
membrane is lower due to the hlgh amino acid concentratlon
1n the reaction solution.
- The product solution (200 mL) was recovered adjusted
to pH 2.5 and cooled at 4°C overnight. - The precipitate
. _ ] collected was recovered and recrystalllzed from MeOH: Hzo
e ' to give 307 mg of N-formyl-B8-benzyl-L-aspartyl-
' L- phenylalanlne [u] = -5.6°(C=1.2; EtOH), identical
(IR, 13C-NMR) to an authentlc sample prepared by the batch
hydroly31s of N-formyl -3-benzyl-aspartame with Asgerglllus
esterase, [c] = -5.3°9(C=1.3; EtOH).



240
simlar

to

882 300 - 1015 Exanple 2. An experi ment

that of Exanple 1 was conducted, except for the use of 8

030

D, L- phenyl al ani ne methyl ester instead of the L-enantiomer. The resulteg
are summarized in Table 111. ° 1solation of the uncharged pepti-de from
the 200 nlL of product solution gave 310 ng of 250 product, {err] =

-6.4[err](C=1.4; EtOR), identical in all respects (IR 13CGNWR) to

aut henti c

Table 111

166 60
686 240

data sumuarized Himgdmin) | (Fidpew
steady state process whe
met hyl ester. The 3
denonstrated by the.
descri bed in Exanple
t ube phase (reaction
peptide formation. Ex
N-fornyl-[err]-benzyl -

sanple of N-fornyl-[err]-benzg8-L-aspartyl -L-phenyl al ani ne.

an

Time (mn) - Anmount peptide/product solution (nma) 30
- 258 120 Table 11I. 475 180 :
996 300 - . 1073 A_plot of t he

stereospeC|f|C|ty t her nol ysin I's
The D-phenyl al ani 2 .
ure) did not -inhifELf the overall kinetics of
e 3. A mxture 1.0 g '
-aspartyl - L-pheny}

J\the reactor was f Erated mnth D L- phenylalanlne-'

3§«ﬂLw|ve formati o 28of the sanme L, L-dipeptide:
; met hyl ester retained in the

alanine, prepafed in accordance

wi th Exanple 1, . -24- 4.0 nL water, 4.0 nL tetrahydrofuran,'-and 1.0 nmL
' Example 2. - . . - L

conc.

An - experiment similar"to that' of EXaﬁple 1l was
conducted except for the use of 8.63g D L-phenylalanine
methyl ester instead ‘of the L-enant1omer The results are

summarlzed in Table III. Isolation of the uncharQed
peptide from tEe 200 mL of product solution gave 310 mg of
25

product, [«] -6.4°(C=1.4; EtOH),'identical in all

trespects' (IR, 13C-NMR) to " an 'authentic sample of
N- formyl -B- benzyl ~L- aspartyl L-phenylalanine

- did not inhibit the overall kznetics of peptlde formation. d

o | _Table I;r,"' o | |
Time (min) Amount peptideZproduct'SOIution {(mg)
30 . 166
60 o 258
120 . 475
180 R
240 . = . 996

300 | 1073

A plot of the data summar;zed in Table III (Figure 3)

agaln showed the existence of a steady state process when

the reactor was operated with D,L- phenylalanlne methyl
ester. The stereospecificity of thermoly31n is
demonstrated by the exclusive formation of the same
L, L-dlpeptide described in Example 1. The D-phenylalanine
methyl ester retained in the tube phase (reaction mixture)

_Example 3.

A mixture of 1.0 g N- foxmyl -3- benzyl L-aspartyl—
L-phenylalanine, prepared in accordance with Example 1,

U

»

14



. _
hydrochl or-ic acid (12N) was heated at reflux for 9 hrs. The nixture was
then cooled and the pH adjusted to 4.0 with 50% NaOH sol uti on. The

tzet cahydrof uran was then renoved- by evaporation at ‘< 35[err] and 20
mm Fg. Crystallization was conpl eted by storage at 50C for 1 hr, the

- sanple then filtered, washed-with 1 nL ice water, and dried in vacuo to
give 367 ng of “white solid. This material wes4kdentical to an authentic-
sanpl e of aspartyl 250 phenylal anine by HPLC and IR conparison. [a D =

- +12[err] (C'= § L 1 wated, i 4. SomIvebrErahydaotyran, phamd| Al.&nimk cohas

been convertagdroahlmaftaafdbxﬂzmatmt h%%&d”eéé‘ageglaﬂd for 9 jhr
hydrochloric a Bachman and g S..

%d dk{as descri bed 1|1n :

Pat ent ‘No. "4, 1 XEULepWasy t ﬂarﬁﬁ’l"ée&l apd é'*h?er?ﬁeﬁ@]‘lsﬁttﬁ ato 6 0
thalt ;)fNExagplithl 90% Qummc:muti@cfpgpt Ther tétﬁhﬂﬁof@g@ﬁg(wz%ggti&en

mmol es car aspartic .a me an

" mol.es) L- phen%?gpg%éﬁ L‘Fr% ﬁva@sqrearctifé"reﬁ an?s t3$he a?ﬁ‘?uo §gl dser 89 -
di ssol ved i n 10@ystaldtizatiidmne yis otompietedubyomtadiate ark t$°6. Boraadh¥Q0
5 of CPerOlysig A Soted S LcBEGREEA YT £, WETggr I ane
amount of N-dBied] ein] -vagug| tesgdve L3§Zp-m_9pl¢é.'nywm.aﬁ| neokikd hyl Thdiser

was precipita T USRS SE C ;nl&g u a
"Type 1 Hol | owhéléggﬁgéelra?cstlve D|§11I:I E?@anl\/e rane" g fgségggﬁ%’l

Inc.) cont ai ni R§enY1lgdaning %rﬁ#%eﬁgﬂrigc§°m§ﬁ6 SR - mac[m hebv\ﬁs"‘béfaréﬁed
at room tenperators;far, 15mcpmns 1agao)§tmgb1§j1ell si de phase of 200 ni water

Conal I 1 500, 0 ANy (SRTRYIH ltse > na'C BRRHIY) Ebhghs TSP
reproduced in @asphethneandy Fitgrestmentf m.ttl-ﬁ hethanoln ame renyareahwasic
Spopped: the sheL, ' 45 RGP Tn) 801" QuRRSH 8V3.50 '9iRevEra,
U.S. Patent No. 4,173,562, example #1.
Examgle 4. _ _ .
An exper1ment 'i'mil-ar' to -that 'of' Example 1 was
conducted, except for - the '.use '5.65g (20.1 mmoles)
N-carbobenzoxy-L-aspartlc ac:.d B-methyl ester and 4.38g
- (20.3 mmoles) 'L-phenylalanine methyl ester as reactants.
'The amino acids were dissolved in 100 mL water, the pH of
_the solution adjusted to 5.5, and 500 mg of thermolysin
Daiwa (8 x 105_ proteolytic units) was added. The solution
'was;preincubated_for 15 hours at 40°C, when a substantial
amount - of . N-CBZ- (B methyl ester) -L- asp-L phenylalanine

- methyl ester was prec:.p:l.tated The suspension was
'connected to the tube side o_f a ""Type 1 Hollow Fiber
Selective Dialysis Membrane" (Bend Research Inc.)

-containing 1 -ftz' of meulb_rsne' s:urface,' and the machine was
‘operated at room temperature for 5 hours against a shell
- side phase of '_200 mL water containing 500 mg Acylase I
‘(Sigma) at pH 7.5. The acdumul-atibh of ﬁeptide product in
shell' phase was monitored by HPLC :an'd the res_ults are
reproduced in Table IV and E’iqure 4, o

' After 5 hours run the reaction was stopped, the shell
side phase (200 mL) was recovered, adjusted to pH 2.5, and



-25- stored

overnight at [err] . The product. precipitated was col | ect ed

and recrystallized from [err] to yield 405 ny (86% - recovery)
of N-CBZ- ([err]-nethyl ester)-L-asp-L-phenylal anine (N CBZ-i so- APM "
[err] +6.00 (C = 1.1, EtOH), identical™ ( GNMR to an authentic

[err] sanple

of N-CBZ-iso-APM [err] = +5.5[err] (C= 1.1, EtOH),

prepared by chem cal coupling and partial esterolysis with Acylase . Table
V., Time (nmin) . - Anmount EEEx|de/producL259Iut|on (rg) 30 : -
177 60 - .. 214120 - -~ 333 180

381- 240 stored overnight at 4=FC300 The prodthé(t Aprebspitadedefwxsa

in the experiJg
i ndicates t

G GaCE Fede ALl o B i

rate of about4QR0®y/ hr. ($ﬁ% convERSPBATYdf = N- GBZ- i soNAGRZ1(B- Mhylc

be practiced
aspartame de

accordance wilth FheipﬁeseﬁF°ﬁ¥ven

ey e ner i syt ol o
{‘Q’B’H égai Yy 3 ﬁb at %ol%ﬁ

6.00 g (35 maaxm)e oéfNN‘-msw-l_ééeApM rrfttah%é -z - aSDBPtI(ac a2i 4.110 EQQ)HJ)(

ol es) L-ph
was added’

Japan) repre
resul ting cl

Prepahddl i e ot Lipl Ind? HoB piEkian. 35 ee 0T ain B ex

depliamp al total of 1.2 x [err} proteol ytic unlts The
ear .sol uti on was ' ' S

Table IV.

. Time (min) - Amount peptide/product solution (mqg)
30 - T art
S -1} o Vo 214
120 | o . 333
180 o S - 381
240 : - . 459

300 | | 1470

As Observed before.intthe‘experiments of Examples 1

an

i R G ng

48

A

o/

and 2, the plot of Figure 4 indicates that the

accumulation of N-CBZ-iso APM proceeded at a steady rate.

" of about 200 mg/hr

The conversion of N CBZ- iso-APM to APM can be

-practiced under the conditions described in Example 3.

Example 5. :

: The aspartame derivative, N-formyl (B-methyl)-asp-phe
was prepared in accordance with the present invention as
follows._ To a solution containing 6. 00 g (35 mmoles) of
N-formyl (B-methyl) L-aspartic acid, 10. OO'g'(48 mmoles)

L~ phenyl alanine methyl ester in 100 mL water, adjusted to ”
- . pH 7. o, was added 770 mg thermolysin enzyme (Daiwa
'Chemical Co. . Osaka, Japan) representing a total of 1.2 x

106 proteolytic units The resulting clear solution was

incubated for 1 hr at 4o°c when HPLC analys;s 1nd1cated_.l

the | presence' ' of - 433 8 " mg of
"N- formyl (8- methyl) asp phe OMe The solution was cooled

to 25°C, the pH adjusted to 5. 0, and the solution placed



i'ncubated for 1 hr at. 40[err], when HPLC anal ysis indicated the

presence of - + 433.8 - ny of
N-fornmyl-([err]-methyl)-asp-phe-Ove. The solution was cooled to 25[err],

t he adjusted to 5.0, and the solution placed -26- in a 200 niL
vessel connected to the tube side of h ow-fiber separator ("Type
2 Hol | ow Fi ber Sel ective Di al ysi s Menbr.ane",” “Bend Research I'nc.) that

provi ded 0.5 ftin 4459 e in gr])lessgfl el#qq & de l}é)f tuk;;é)%sz. % of

N, N- di et hyl - dodecanam odecane t he egara
was - connect ed h@bloméibsromavaésgel( '%me. @& n§oldgvwngFbberheSeheghive

Acyl ase'| (EC 3D§ai¥§ffs M@Wr a'éér&& @seamn(iﬁ@)(')a%a@/‘%vﬂ?&&ygas

Japan), at-pH 7 52 wer e circul at ed

countercurrent | §&" at t(ﬂ'éor at €% ol‘ 50°§L/ mdn. (tdbe phade) aﬁ% 500"2%/ mi W'V

(shell phase), NVjthiBEh9$Sd&ﬁé&aﬁaﬁﬁdhvwlrpe&bdéahhec puripe shield tdirle of
configuration I‘UPUSt rated in Figure 2. nst gH I n b(guctohases S

secured through™tfe FER3FATRT stRe. fﬁgnﬁ‘fr oft pro vesse
N-fornyl - ([ err]eomrtayhingsSQthemgas fnrhe. oeadymyz HRL}O,&S.EI fig (ECTr3icHr 1 Mbe|

o The ol SESR" ABbebluilatel Fo CRERHASRE YL Bhe | ARG G, Madgh)

x 100 mm housedtipHa7MBk| i pore Waters RCM 100 Radial Conpression Mdul e.

The mobi | e phases usggaf or ﬁvﬂ? an Hé%'e% Werﬁeréa) di%¥culated at 25°C
N-fornyl-([err]-nethyl)-asp-p 0%. v/v hanol ,|n _(’L%gerr
buffer pH 4. 6; fayntsssurnspallafw at ("—F‘@rr‘]atﬁé 2GS o Rhage)

met.hanol in 0. 18nd KSBEORLpiA. 6 (fsh@erQﬂﬁseJS,edeet}ie rddod st dince bof htwo

ana se_s.. The peggtsgaltieelp%[r&psg usiﬁg thet h@onfié&i‘ggloﬂnilluostrated in
| Figure 2. Constancy of pH in both phases was secured
through the use of pH stats _ By o : _
The formation of N-formyl- (B-methyl) asp-phe was
'monitored, by HPLC, using a Tracor Model 995 instrument
- together with a LDC Spectromom.tor II detector set at 254
nm. The column used was a NOVA-PAK Cl8 Radial-Pak’
cartridge, 8 mm x 100 mm, "housed in a. Millipore Waters
RCM-100 Radial Compre351on Module

The mobile phases used for the 'ahalysi_s were:

o/ . - (a) for N¥£o_rmyl-(B-methyl)-asp-phe—OMe: 40% v/v_
- ' methanol in 0.1% KH,PO, buffer pH 4.6; |
(b) - for N—formyl " (B-methyl)-asp-phe: 20', v/
methanol in 0.1% KH,PO, PH 4.6; flow rates used were
1l mL/min for both analyses

' . The data relat:.ng to  the . formation of

| .N-formyl (B-methyl)- asp- phe (produot" dipeptide) . is
'reproduced in Table V below, and is expressed as the total
amount._(mg_) accumulated in ‘the 200 mL shell phase as a
function of time. | '



N-fornyl-([err]-nmethyl)- asp- phe (product di pepti de) I's reproduced
in Table V below, and is expressed as the total anmount (ng) accunul ated in

200 nmL shell phase as a function of tine. - -27- Table V Tine (MILJ- o
Alrount peptlde/product solutlon (my) 60 , _ :
130 120 . _ - 230 180
280 240 ' 360 300

400 A plot of the data of Table Vis showg,in Figure 5. At. the end of the
run, HPLC analysis indicated the presence of 283 ny of

N-fornyl-([err] met hyl ) - asp- phe- Ove ipabie {yube phase.. These val ues
all.owed to calculate the anount. of péﬁTTﬁ""yntheS|zed during the operation
of the reactor.. Ptr = peptide transferred into shell: phase = 400. 336 =
322 417.4 rrgwgd_i_rg_ initial peatouetipepvbdepbrodustiddll

peptide remaining in tube phase at the end of the run = 273 ny; [err]=

[err] syn’ r [err] ~=.266.6 ng; .and V 136_266,6' =53.5 ng/ hr. 100
m.. syn TheMx of 53.5 ng/hr. 100 nL coi nci des th the syn rate of '
synt hesi s ( gb ng/ hr. L) neasured for the f or wakggvel ocity in
equilibratiggg studies  done - with Nforny ([err] nmet hyl ) - L- aspartlc
acid and hkpphenyl al anine ' _ 400 -

- A plot of the data of Table V is shown in Figure 5.
At the end of the run, . HPLC analysis indicated the \d/'
._presence of 283 mg of N-formyl (B-methyl) asp- phe-OMe in o
the tube phase. These values ‘allowed to calculate the
amount of peptide syntheszzed durinq the operation of the

reactor. : . _
P, peptide transferred into shell phase =,400. 336 =
o R T 322

417.4 mg;

P = initial peptide in tube phase = 433.8 mg;"

d
]

T 'peptide remalnlng in tube phase at the end of the run
273 mg; '

-
|

tr (Po.- PT)_+ Esynz

Es&n = ?tr i3(?9'~ PT) = 26616 mg; and

]
(V]
(+]
(¢}]
[+)]

=.53.5 mg/hr. 100 mL.

The V. . of 53.5 mg/hr. 100 mL coincides with the
rate of synthesis (500 mg/hr L) measured for the forward
veloc1ty - in equillbrat;on - studies. done with
'N-formyl-(B-methyl)-L—aspartic-’acid’tand Lephenylalanine
methyl ester in the presence of thermolysin.



met hyl ester in the presence of thernolysin. -28- The product sol ution
(200 nL) was recovered, adjusted to pH2 with 1 N HO and extracted tw ce
with 200 mL Et OAc. The conbined extracts left a white residue upon

evapof ati on, t hat af-ter recrystallization from Et QAc/ hexane
yi el ded - 100 ny . of ' ' '
N-fornmyl-({err]-methyl)-L-asp-L-phe, =g +0.70 (c, 0.29; MeH),

identical (IR [err]-NWR) to an authentic.sanple prepared by the batch
hydrol ysis of syntTRrei prbldﬁotn*;bi(xﬂ:,&bh] {2e0hyiL))- lwaas prdopherdd/p antlnsted

expor Pment deschTbBE i ESHbE & HET sl Sy tat ey Bhloe T, 200, E
Di al ysi s Menbr aieOA@end 'r-leseapmhinsd extmﬂal hefiy a white @‘fes-lld‘-mll‘épon‘
_”E”bfa“e (30% J:é(aékﬁ'ti’%véhy' tﬂQ@eca“%%l Wﬁnlz%ﬁube Bhame

cont ai ned 40 N—for |- [err] nmet"hyl )-Lsasp and 3.08
‘g thernolysin ‘Eﬁﬁ\ e{‘ﬁnetotal oviedded [orr] pl@Qol ytic WFis) in 496

m water, adj uq&e§°§Q¥pH(§ Qetﬁ q_e;r.[,alafu on per| od of [J,]r?rs +0.70°
odn‘&

40[err], the anpunt_o 2,7 0/ L :
N-f or myl - ( 3- met h<§r+)°L2%sHeE bhe o BE- BB e o a*i’hé%‘?%ﬁ%ﬂ

was cooled to 25£inpadj Llpi-eﬂarédpl-bﬁ Otm;tI‘batd.\hHCHydﬁdSlﬁysbsneo‘fecbimtmmc

o el o

phases -were estera#ateﬂcdosnr-'er*-@ur&@nt(lcy. 2P5MeQRY. 5 hrs.

described. in Exanple S. - The results-.are sumari zed in Table VI and
Figure 6. Table VI Tinme (m n) ' "~ Anmount peptide/-product sol ution (m)
: E‘.éﬂLle_.é-

The experiment described in Example 5 was scaled up
in a Type 2 Hollow fiber Dialysis Membrane (Bend Research
Inc.), containing 1 ftzi of liquid membrane (30% wv/v

N, N-diethyl- dodecanam:r.de in dodecane) The tube phase

. " contained 40 g L-phe-OMe, 24 g N-formyl (B-methyl) L-asp

' and 3 08 g thermolysin Daiwa (a _total of 5 x 106
| ' o proteolyt;c units) in 400 ml water,'adjusted to pH'7'0.
' After an incubation period of 1 hr at 40°C, the amount of

1,068 g (2.7 g/L) of N-formyl (B-methyl) L-asp-L phe-OMe

was ‘found to be present. The solution was cooled to 25°C,

adj'usted to pH 5.0 with 1. N HCl, and connected to the tube

side of the hollow fiber _separator. The shell phase was

made of 400 mlﬁ. water, pH 7.5, containing 2 g aminoacylase
I (Amano) . The two ' phases were circulated
'countercurrently at '25°C  for 5 hrs., as described in
Example 5. The results are summar:.zed in Table VI and
Figure 6.
. : L Table VI _ : '
Time (min) : Amount gegtide(product solution (mg)
30 - 204 BN '
60 3 _ _ 251
120 ' S - 445 .
180 _ . 634
240 - . ' o 748

300 S ea3



30 | ss . 204 60 251 120

748
' : . 634 240 .

3007 Y s - L . 843  -29- At " the end  of t he . »;n
?82 the amount of N-fornyl-([er]-nethyl)-asp-phe-Ove renaining

| ue observed (404 ny/hr)
586 The hi ghest transport va | _
gﬂ??ngh?ﬁg r?fst 30ng1n is the result of the high.initial peptide

' d. " Departure. from

[ duced durlng t he prei ncubag2®en perio
EOEFFPL:?Eh?nchgeQ t:he transport .of peptide set in the synthe?:f of .
ngre peptide, thus §s %ﬂnr@F@.ste§dy Ehat e anndltIOﬂhaftegmgg sl

Figure 6) EXafTD'e
ot
hour into theNrﬁnrmYét-(maeﬁ’-?ﬁgﬂ tﬁbt % %{{a cﬁoe'ﬂ%é ngndi‘x'aeedP hase

Zxcégt ?XPg:IQE?Leggl Lar of. 10. 00 . of D, L- phenylalanlne - met hyl

. ted Tabl e
cster  instead  ne hhghestnatraﬁspbrt JEQuEESUBEng e °2585 ngPns)

d rate :
Il and Fi gur@u#ing! €8s/ ¥ §Q% 1 e
\l\/j-fofpryl-(?e” 1n§hy|) F1288"3 ﬁ Nind 6 Lhe, st t9tthechight tnitial

L- phe- OV ( ExRf cpmsmgatmnemmmdramﬂtig? 1613%?%2&%%@'{}?& -
of thernD|W$ér16md thoﬁgxfgytégzy %d qqi} fﬁp(ngauged by " the =
Ib”g gg1n) transport Yy pep £8e se25ia the synthes1s of more Peptide,
33.2 thus establishing a steady state condition after the first
- ‘hour into the run, ‘at the expected level of 200 mg/hr
(Figure 6). '
-_l Example 7.

An. experiment similar to' that of Example S was.
conducted . except for the wuse of 10. 00 g of
'D L-phenylalanine methyll ' ester ' instead of the _
L-enantiomer 'The results, presented in Table VII and
Figure 7, clearly show that the observed rate of formation
of N formyl-(ﬂ—methyl) -L-asp- L-phe was one-half‘ of that
seen w1th L-phe-OMe (Example 5, Table V), as expected from
the enantioselectivity of thermolysxn' and the prior
results of Examples 1l and 2.

Table VII

Time (min) ~ Amount gegtidegproduct solution (mq)

30 10.6

60 L - 25.5

120 : - 33.2

180 - N S 55.3

- 240 _ . ' 59.6

300 - : o 69.1

 Example 8. _ _ _
Membrane-assisted _ enzymatic _ resolution of

D,L- phenylalanine methyl ester was utilized in accordance'
with the present invention as follows To a solutlon of
1 0O g (5.6 mmoles) of D,L- phenylalanine methyl ester in

- ¢



180 ~ 55.3 240 59.6

300 o . 69.1 Exanple 8. Menbrane-assisted
gnzymatic resol ution . of D, L-phenyl al ani'ne nethyl ester was
utiMzed in accordance with the present invention as follows: To a
solution of 1.0 g (5.6 mmles) of D, L-phenylal anine nethyl ester in - 30-

100 nL water, pH 7.5, was added 500 ng of am3®acyl ase | (Arano
Phar maceuti cal Co., Nagoya, Japan).. The mi xture was allowed to react at .
25[err] for 30 APA. miat vakerendrbf 7w§i,ctwa$1ea§deder&@ ohg26X ngminphcylase

nmol es) and 712 P f%;@j by :
anal ysis. This éol ﬁﬁalgro V\I%S%cf t % aé ?Qon) S:gé’e? Hﬁlrg mixture
hol | owfi ber CeW@&r @ ls%tﬂﬁ)rf-%drePEM %’-‘e 0 or( '3} jein g, Héltl (ﬂ}q:l%‘? of
Sel ective Dial yﬁhscuelth&a@ee,semad o'iem He (1(®Nhméléesy and0752 mg

ft2 - of v/ v N-dle dodec namd do ne I|
filminit. TheD By géﬁc? &g e Héﬁbrﬁﬁé r(’§ﬁe BY ﬁgg‘éof anP
separ ator) was Thlilsecbmlu'dm.cﬁﬁ)Owa‘s veacr tadjtisd edube pttLadtivh éu.ldtetemif a

HCL. -The two p@gé'i%g,- EEe@- YEQ%%E%Q tghﬁg&%@tteﬁe f%‘E.anr QE?EngBQ-t e:(r;'%%%”t by

at the rate of € assfstance o
(Figure 2). ThBoddpur a&iihm:' pPetectidvet mu@ﬁimeMGGhFFneous antaeneerch

D, L- Phe- OV to the . hube pRa%aind! at pgate ptt_z aboug e 1 g g) L- PeeyOVe poyy
hour. A total of 30 m__of a /% sol ution of D, L. Phe- (| E11 7

mmol es) in wate 'HFId?‘eG}"\Meded’&éGrﬁﬂ?‘jéi%eiPocfiQﬂe% Mt Wt At
-phases was kept 'rﬁenspaeaubz t Bed@seodf e SinfEntbratie qcsﬁslel ofgiidee of the

oo Ve ChRRethE R st s e SRS O} R DuRbRS Fone ¥ A°
o with dxluted HCl. The two phases were circulated through
" the separator countercurrently at the rate of 200 mL/min.,
' with the assistance of peristaltic pumps (Figure 2). The
separation proceeded through the continuous addition of
'D,L-Phe-OMe to the tube phase, done at a rate of about 1 g
D,L-Phe-OMe per hour. A total of 30 mL of a 7% solution
of D,L-Phe—OMe (2.1 g; ll 7 mmoles) in water pH 7.5 was .
.added'in a period of 2 hrs. .The pH of both phases was
‘kept- constant by the use of pH stats.
The course of the resolution was followed by HPLC, on
samples taken from both phases every 30 min. The HPLC
b o instrumentation and procedures are those described in
- Example 5. The mobile phase used in this case was 20% v/v
.methanol in 0.1% KH PO4 buffer pH 4.6; with a flow rate of
-1 mL/mln The results, presented in Table VII and plotted
| in Flgure 8, showed the accumulation of L,Phe in tube
phase and of D-Phe-OMe in shell phase. At the end of the
' experiment both phases wefe'recovered end_worked out as
" follows: | ' L . |

(a) Tube phase: The contents (130 mL) were adjusted
to pH 8.5 .with 1IN NaOH, then extracted with 2 x 50 mL
 EtOAc. The aqueous phase was then adjusted to pH 4.0
with 1N 'HCl__a?%rn5Pe SOlutlou passed through a
: 2;$ x 20 cm- DowexLSO (NH4) column.  After washing



Exanple 5. The nobile phase used in this case was 20% v/v nethanol in 0.1%
_[err]' buffer pH4.6; with a flowrate of 1 mi/nin. The results, presented
fabl e VIl and plotted in Figure 8, showed the accunul ation of L- Phe__J n«
tube phase and of D-Phe-Owe in shell phase. At the end of the experinent
bot h phases were recovered and worked out. as follows: (a) " Tube phase: " The
contents (130.nm.) were adjusted to pH 8.5.with 1IN NaCH, then extracted with
2 x 50 nL EtOAc. The aqueous phase was tﬁglﬁ adjusted to pH 4.0 with 1IN~

"HC d th 20 Doyex./ 0 NH4 |
col umim - Af te ers\(%/a;{‘falJl %O%?ﬁgte; Qggopngdg\l/gtiex ﬁén’}&reégety&érbv%%oz ) '
with 200 L of 1@5[@%]%@& ‘el UBhe mdyakenmasn rmmembrSﬂestlon smm o
and the 50|Ut'0nﬂH€¥EEu&r'§Hd tﬂéehélutiéﬁ Tgeég@J&%5§5"LYﬁ1ldTE”2ﬁ9

L- phenyl al ani ne, TE*FI-F .o lerr])

35.0 (c,2;[err]) MIopfhitte %%H‘i‘y 92 % (b)  Shell phase: (200 nl) was

_Eli_ﬂj usted to pH. 8t1:5-pm§z’fyrhiahﬁfﬁzes[\l?aﬂzl] d-extzlga(zt"ed (@,the;2 1.)8&(51) nj_igt QAc.
e organic ext,r [ oV e e

dryness, . di ssol &a}é‘f’nvﬁgo [fﬁ_] \Bat er %n&p && 2 Hzlo)' ca vat‘hr‘-tlrlN

HC and. then92%eze-dried, to yield 989 ny (4. 6 rrrml e) of .

D-Phe-OVe HCl, white solid, [err] (c, . 2; EtOH), lit. (Al drich)

D=-32.4 (c, 2, EtOH), optlcal purity 83% 2 Based on the perrreablllty

val ue' of 32 ng/crib) nigheblyphase: Phe{ 208 (iek evaspladiusisicr £p) pih 815 s

menbr ane, the exmﬁcewchﬁm&%a@ansﬁar 8ReracedaCli4a02l % 'so bl HdoAc.

The organ:l.g: "extract was dried over anh Na2504, d
 evaporated to dryness, dissolved in 50 mL water '
acidified to pH 3.0 with 'IN HCl and then
freeze-dried, to yield 989 mg (4.6 mmole) of
D-Phe-OMe HCL, white solid, fe] 23 = -21.0°
(c, 2; EtOH), lit. '(Aldrich)' _{a] %g°= -32.4°
(c,_ 2; Et_:OH), optical purity 83%. '
Based on the pe'rmeabili'ty value of 32 'mg/cmz min
fotind for Phe-OMe' (water, pH 8, 25°C) on this membrane,
the expected flux for a membrane area of 450 cm2 (0. Sft )
was 880 mg/hr.. Table VIII shows that the amount of .. _
Phe-OMe transferred into the shell phase' at the end of the . -
first'hdur was 860 mg, suggesting that the transport was -/
operatinq under membrane-limiting cond:.tions

Table VIII
- D,L-Phe-OMe ' 'rube Phase I _ _Shell Phase
added L-Phe (m D,L-Phe-OMe (mg) D- D-Phe-OMe (mg)
1.0 .. 266 712 ' 0 (0 min)
1.7 473 617 537 (30 min)
2.4 615 - 531 . 860 (60 min)
3.1

743 . - 628 1154 (90 min)

' Batch resolution of D,L-Phe-OMe through the -
enantioselective hydrolysis of the methyl ester function



Was 880 mg/ hr. Table VIIlI shows that the amount of Phe-Owe transferred
into the shell phase at the end of the first hour was 860 ng, suggesting
t.hat- the transport was operating under nenbrane-limting conditions. Table

VI | ReaD), L- Phe- OV Tube Phase ~ Shell Phase added. (a)

- L-Phe (m) D, L- Phe-Ove (ma) D-Phe-Ove (ng) 1.0 . - 266 o
712 T 0 (Omn) 1.7 473 345 617 537 -
(30 min) 2.4 615 531 860 (60 min) 3.1 |
743 | ~ 638alyzed b&154suBQQlﬂbmh Batcha r@éPlHéLQ e Ofalkaline
D, L- Phe- Owve throggh. tgh ntiosel.ective h ySi- S OL ester
functi on - 32PTREFAFS) asb ee%ﬂﬂﬁﬁquﬁ¥¥ SE&°§§§' gt P}pgeinalﬁgfpne

prot ease) has b¥engrTeungl ydakngclambdchShﬂue'y’elmr@h,en,; Kittger s uigdManChend

Chi - Huey Wong, &%mﬁhﬁ”‘1§88 EB&@] CO dr§¥g§e]€?lge f&£ﬁ“§8§aﬁ§mb§aae

required for racemc acid “-conpoun
A hydr ol ase mhlCﬁspéu§hoést§ﬁas€aﬂﬁmﬂ$lsﬁaﬂquxkiQnua@A@h eempoundscyt asd

|, [err]- ChymtﬁyaibmaaadwmtatnlwanAe%a&:ta%éﬂMiéﬁdlsoahes&a@r@se such
‘D, L-am no acid conpound such as D, L-phenyl al ani ne net hyl @ ester. The

Ami noacyl ase | 28 GRABLACK}afeerler renchYROER¥P LA ARG éﬂb&‘f-]éfs-iﬁbpﬁ ¢aR be
Fver]ot Eer -testew!uhea e@tzwmlwcla nfn-ambfzbllﬁm %lofnq:ﬂﬁx%d such as
err]-chynotr Vi n rqn 0 ic,activitjes. lf ~the

hoser boa Y B8 EopRERYLalanipY PRRERSLY 4frRE" (ot e cabponsiase Joqtho
produce a peptigenezallgepreifieeded Eoniﬁhe[demahhylatﬂnnnoprepthées over
L- phe”y'a'a”'”e?tﬁégd“%%ieﬂclyeﬁﬁ'“%ﬁﬁgﬁ%_tagueha”Q%rdéqﬂébifEi r‘ﬁﬁggﬁd

knawn in the ar exa for resolution
races c carboxythYma§r8§Sin haWiﬂg %%GﬁﬂﬁePrOQSO#Yﬁkﬁn%FtIVItieS

If -the above described resolution = of
'D L-phenylalanine methyl ester is utilized to produce a
Ipeptlde as’ described in ‘the present 1nvention, the
‘L-phenylalanine produced 'ié ' methylated by standard
"nmethylat1on means known in the art.

. This example may be adaptable for resolution of other
racemic carboxylic ac1ds For example, a racemic
carboxylic acid ester compound in an aqueous reaction

" mixture including a hydroly21ng.enzyme can be hydrolyzed
" to form a_charged_enantiomeric compound and an uncharged
enantiomeric' ester compound ln the agqueous reaction |
\/ S mixture. ~ The uncharged enantiomeric ester compound is
then transported from the aqueous ‘reaction mixture across
an' ion rejection membrane of the present invention
_includinq Type 1 or Type'i”Hollow Fiber Selective Dialysis
Membranes_from Bend Research' lnc. In one type of example
such as 'Example 8, the racemic carboxyllc acid ester
" compound is a D,L-amino ac1d ester compound the charged
enantiomerlc compound is a L-amino ac1d compound and the
: uncharged enantlomeric ester compound is a D- -amino acid
 ester compound. It will be appreciated'that.the selection
of enzymes' and 'reaCtion" conditions is within the
,understandlng and knowledqe of persons skllled in the art
of the present 1nventlon '



carboxylic acid ester conpound in an aqueous reaction m xture including a
hydroly2|ng enzyne can be hydrolyzed to forma charged enantioneric

npsund and an uncharged enantioneric . ester conpound in the aqueQw§ v

eaction mxture.  The uncharged enantiomeric ester conpound is then =
transported from the aqueous reaction nmixture across an ion rejection
menbrane of the present invention including Type 1 or Type 2 Holl ow Fi ber -
Sel ective Dialysis Menbranes from Bend Resggrch, Inc. |In one-type of
exanpl e such as Exanple 8, the racenic carboxylic acid ester conpound |s

a D, L-amino aci d esninmymuse; babehcb&b@a@s&wtfnm ar6e Oppovideds by

L-am no acid 0 t u napt i pneri c_est conpou dis a

D-am no aC|dt§gg£ %&gh%b%hdqgi qﬁ! '%% ?3tfﬁ?edePﬁ§§iP ctF%ﬁ of

enzymes andreae&@mMOncannuhel(prpdueedvmandn addedunﬂersthedlmgaamdon _

know edge- of . % L3RS skill'ed in the art of the present invention. -33-
a

Cont i nuous or tCch 'processing means are provided by this Exanple in
that the desired enantiomer of the reactant can be produced and

added to. tpReamb@acCig on nixture. Exanple 9. Synthesis  of o
N—fornyl-([eFTT‘iLTﬁ'l - L-asp-L-phe: _in accordance wth- the gresent
-ppe

Y
i nventi on c & Suti19%i ndV-Fommyl r{Szmethil hokcgrrsé andn
i on- exchangeaceordancfeor witth r etheal p@hswweam@ﬂxmctﬁaas tohkowtedlo a

a0t O g WaTaG4hE TN IRRE Y. B thprexiBinge

acid in 10©eB1n§mﬁnnzﬁhewabmpvaknQ@tpdrmeapHe7prodnn;smuedfalmomg sof -
(ST TS e e g g0 i) BEpRbyRHLRSRA bt
- mmoles) :
N-formyl (B-methyl) L-aspartic acid in 100 L deionized-:'
_water, ad;usted to pH 7.0, was added 770 mg of thermolysin
:(Daiwa Chemical Company, Osaka, Japan) representing a
total of 1.2 x 106 proteolytic units. The resulting.
solution was incubated for 1 hr. at 40 c, when HPLC
analysis 1ndicated .the _ presence _ of 383 mg of .
N-formyl (B-methyl) asp- phe ~OMe. The solution was cooled
to 25 C the  pH ad;usted to 5 0, and the solution was
placed in a 200 mL vessel 40 connected to the ‘tube side 46
of a hollow fiber separator 44 ("Type 2 Hollow Fiber
Selective ~ Dialysis Membrane", 'Bend Research, Inc. ) g‘)'
containing_.QOO cmz {1 ftz) -of- a hydrophobic liquid-
membrane__made of 30% N,N- diethyl~' dodecanamide in
_dodecane.. The shell 51de of the separator 48 was arranged
as a closed circuit made of a series of connecting vessels
illustrated in Figure 9. The solution returning to the
'separator 44 was adjusted to pH 4.0 in order to protonatei
| _the L—phe-OMe copermeating with . the dipeptide’
N-formyl (B-methyl) asp- phe -OMe.  Circulation through a
'column of Dowex 50 (Na+) 50 removed the positively charged
L- phe-OMe, leav1ng the uncharged dipeptide in solution. -
" The effluent was adJusted to. pH 7. 0 and submitted to the
action of; _%%e)' aminoacylase .I, immobilized over
'DEAE-Sephade%QSZ’[T Tosa, T. ﬂori and I. Chibata, éggé_
Biol. Chem. 33, 1053 (1969)]. The resulting dipeptide



0 sol ution was i ncubated for 1 hr. at 40[err], when HPLC analysis
indi cated t he presence.. of 383 ny of o
M-foroyl-([err]-methyl)-asp-phe-Ove. ° The solution was cooled to 25 C, the
pH a'd*fusted to 5.0, and the solution was placed-in a 200 nL vessel 40 -
connected to the tube side 46 of a hollow fiber separator 44 ("Type 2
Hol | ow Fi ber Selective D alysis Mnbrane",.34-Bend Research, Inc.)
containing 900 cm (1. ft2) of a hydrophobic |Iiquid nenbrane nade

of 30;’/0 42!— diNetfiopmy 1 t(lanetiayl ﬂeaspﬂpﬂedeasnﬂegafheeibeEha&lg@? et Wt
separ at or ar
conneeting vestle HRoteE; sGoRednREely tabeiBeq By MRS AN nd (Shme

separ at or 44 waesdd} uStted t The @ﬁﬂmﬂ!‘m deas orptutoerdt etohethe mepthrafde
copermeating guddratdde r1Qh¢p E%@Etx%ﬁ@”% pherd lo m3tt§¥1|s) -&60s Phg- %

Grculation through a colum of wex 50 (Na+) 50 renoved the p05|t|ve y
char ged, L- phe- CH?(S’F | eavi ng t he unchar ged d| peptlde in solution. The

ef fl uent was adj ust exhd otpble7.4b aploeuhl } t afldt asHdlEl agsi qrsoo o&m) tﬂlﬁses
Vo o - Consine, ARRUa o ¥ aSTE RN 7 ol ok
di peptide m:nmm melep@ratdr,netality| thas prpheswasf nesfat |mle{ma.rchar(gmbeit
o1 ubnt was | PHAEEFHENAY FER S ML T RRIRY. L (D T ent o pr
4.0, thus closing tBeriestis smmpiine 26 (theo srltgllartehemlwaasdpaeoomthe
Dt aror ' S AR thon andepecR NS B, Lhioush o) sl
(shetl phase)._P°rt 56, before entering the Dowex (Cl ) column 54) and
the samples monitored by HPLC following the procedures

'descrlbed in Example 5. As ‘expec'ted at this peint of the

. c:.rcuit (Figure 9) no L-phe that could result from the

. enzymatic hydrolysis of L-phe-OMe _by.-Ez.(see Example 8)

was detected; only a  circulating steady-state level of
N-formyl-(B8-methyl)-asp-phe  (average = concentration:

54 mg/l’..) was observed, reflecting the continuous transfer
of the dipeptide 'N-formyl- (B—methyl) -APM across the
membr_ane._and. its subsequent hydrolys:.s by Ez The

efficient trapping of the charged dipeptide by the Dowex-1

_ resin is indicated by the low concentration of it observed

\/ o at point A throughout the run. A similar parallel
experiment performed in the absence of Dowex-1 peptide in

the shell phase, as could be anticipated from the results

discu__ss_ed above. Again, no L-phe was found in the

cifci;lating shell phase. A comparison of both 'experiment_s

is seen in Figure 10, and Table IX. |



Peri odi ¢ sanpling of the shell phase was done on the effluent fromthe

nd enzyne (E2), (Figure 9, sanpling port 56, before entering the Dowex
J,\( -) colum 54) and the sanples. nonitored by HPLC foll ow ng the ~F
procedures described in Exanple 5. As expected, at this point of the ~
circuit (Figure 9) no L-phe that. could result,_fromthe enzymatic hydrolysis
of L-phe-Owe by.[err] (see Exanple-8) wasqdgtected; only a'circulating
steady-state level of N-fornyl- ([err]-nethyl)-asp-phe (aver age -
concentration: 54 ng/L) was observed, meidiectidg the continuous transfer of
the di peptide N-fornmyl-([err]- rrethyl) APM across the menbrane and. its

subsequent hydrolysis by E2. The efficient trappl ng of the charged
di peptide by the DowenglN-g€aimyils (iBraettydd ) g@tion of it
observed at point A throughout- "“the  run. A - simlar parallel '

experiment performed in the absence of Dowex 1 peptide in the shell phase,. )

as coul d be Zimeéc(mime) fEX g hout 1no
L-phe was found. ‘in the circul atl ng sheII phase A compari son of both
‘experinments is seen in Figure 10, and. Table | X. . =-35- .Table I X ma
‘N-formyl-([err]-#thyl)- asp- phe/ sheBl-hase Time (min. ) E‘;g)z Dowex 1
present Exp.2.vxii.ggout Dowex 1. 30 __—= - 31.6  37.8
30.2 60 i  26.0 37.8-120 71.8
26. 0 180 71.8 180 35-4 T35  83.1

- 240 45.6 -
83.1 240 . 45.6 300 1 : : ‘5112 I'm addltlonto
separ at i ng. phen%/C?%| ani ne .| ower al kyl5 égt er. copermeatl ng the Ton rejection ;
menbrane into the product m xture utilizing- |on exchange res_l ns as- -
descri bed '

In addition to - separatinq phenylalanine lower alkyl
ester copermeating the :|.on rejection membrane into the
- product. mixture utilizing ion exchange resins as described .
in this Example, - aspartic’ acid- 3E':=dpe'rmea't_'ing ' the ion
re;ection membrane = into the p'roduc't ' mixture can be"
separated utilizing such .-resins. The species . Or product_
that cannot back-diffuse across .'the membrane from the.
produ_ct mixture can be removed utilizing such’ ion exchange
resins. Also, other separation met,hodsl known in the art
including but  not limited- - to - electrophoresis,
'e-lectrodielys'is and' membrane separations which - are .
-equivalents of ion exchange resin sepa_'ra'tions can be -/
~utilized in the present invention.-- SRR R

Immobilizing the condensing enzyme allows the .
enzymatic reaction in the tube phase to be conducted at an
initial reaction mixture pH - p_z"efe:red for optimum
efficiency of the enzymatic reac':t:lon considering the
reactants; product(s)' and enzyme including the desired
equilibrium of the enzymatic reaction. Optionally, the
initial reaction mixture pH in the tube phase can be
‘readjusted td' a second reaction mixture.-pH prior to
contact with the membrane so that the second reaction
mixture pH will maximize the membrane efficiency in
transporting_,_the ‘uncharged product from the tube phasse_
across the membrane into the shell phase. Figure 9 does



'n this Exanple, aspartic acid copermeating the ion rejgction

"menbrane into the product m xture can be separated utilizing

such resins. The species or product. that cannot back-diffuse across the

menBLane fromthe product mixture can be renoved utilizing such ion

exchange resins. Also, other separation nethods known in the art

i ncluding - but not Jlimted to el ect‘r-’*@p'horem s, electrodialysis

and nenbrane separations .which are equivalents. [ exchange

resin separatingt shew Bejustingethe, #rFPet{o?JesEﬂPcFman“géﬁurﬁm%H’} Y

the condensi ngtusélzmsea{:bowsseébade&éh&&tiloe; Xtz g the tube phase

to be conducted at a ction mxtu r or,

opti mum efficiency o™ ﬂ ilyenz tieétefé‘g&l{)?i t@‘@h gégﬁ gbq'gﬁté can be

reactants, pr Oiihtﬁéléﬂizaddandzyhe pHcbfdithe Prodiedi mddtups |imrthen siieihe -

enzymt i ¢ reactio U lafgldtad Nabler! rbEAHE 8T KUl FelbbLryNCto
15% ?ed IEjsted J

tube phase carP reaction m xture- i or
to contact witheffiechetheame s eﬁﬁiciaats@@meeém| onEﬁFBEP&Pea p‘i‘Pd vFpe

mexini ze  the. fEOYEaNgxafhlbCi BEEYideN BRI rid¥ha!NCAGY gede prerunt

fromthe tube phasse acros nbrane into .the shel I%é)hase
does ~ -36- no¥oBRbANAMBUSPFNg Fﬁéhl nPresessing i sihiaine pﬂ‘?n ’h%s?’ﬂﬁe
phase to a secopgyéR8EbAON N XiNH €. I&Hmﬁlrmdxﬁ | yprotbsse.sﬂgeraimel n dldslsired

shel | phase can be ipmmobi'lized and the pH of the C

shel | phase cane’bénﬁ?:l?ﬂgf'eﬂ%aﬁﬁaf’ ERNS a?é‘ynec g‘? g?ic?&e(féj&ﬁcl?‘s@h
efficient procepgi pgturhednebe theatmbehphase or Exaqﬁ:knn paixtue .

addj tional "means for efficient continuous or batch processing-utilizing

“the\pfesent invention. In conti nuous . pr Ocessi ing . the desired
enanti omer of react ants and any . o '

The present invention. can be utilized to preoduce
aspartame as well as other peptides- including peptides
' which are pharmacologically active. - .

While specific embodiment's of the invention have been -
shown and described in detail ‘to 4illugtrate the
applicat:.on of the inventive principles, it will be
| understood that the invention may be embodied otherwise
without departing from such principles.




-

- be returned to the tube phase m',", | ndustrial Applicability
The present invention can be m"ﬂwlmm! ce aspartame as well as |

ot her peptides including pept i des ‘whi-chs arse” phar macol ogi cal |y acti ve. *wbi|e.

gpeci fic enbodi mrents of the invention have been showmn and described

detail to illustrate the appllcatlo%a Qf .the inventive principles, it
W Il be understood that the invention y ‘be enbodi ed ot herw se without _
departlng from such principl es. 52-567.- 519 CLAI M5 1. A nmet hod for the

enzymati c synibesisi9f peptides conprising the steps of: "enzymatical ly
condensing first and second am no aci unds i n an aqueous initial
“reaction mixture to forman’ unchargeéﬂﬁggﬂ?de{ transporting the uncharged
peptide into an aqueous reaction mxture by osnpsis across a menbrane that
will not transport. substantial anmounts of- the ami no-acid conmpounds; and
converting the transEorted uncharged peptide to_a formthat cannot be
retransportkd achoBethad ferbthReengYmAticnsynthesdscafopenrtddas. 2. A

nmet hod as céamﬁﬁgsiﬁgctﬁéngiebgrbh@r cconprising the step of- renoving the
peptide formtha

t canng glretraaggorted ‘acr ss t he nquiane.to t he
initial reacti onSREYRAF&casly cRNUEPRInd,Lixst sogd S8 A% Ur t her
conprlshng ahEdstempoﬁndspanaanngquberﬁlEﬁutaadﬁaeam?mmnjmmnefreﬁn¢uh
conpound co e uncharge conpoun into e

FSEATSh OfchRzodR BepRlal,

aqueous sec
transporting the uncharged peptlde into an agqueous

reaction mixture by osmosis across a membrane that w111 - '
not transport substantial amounts of the amino acid \'/
compounds. and S '

converting the transported uncharged peptlde to a
form -that cannot be retranqurted_across the membrane to
the initial reaction mixture.

2. A methed as claimed in claim 1 further*comprisihg
the step of removing the peptide form that cannot be
retransported across the membrane to:the initial
‘reaction mixture. 1 ' h

3. A method as claimed in claim 1 further comptising

the step of separating the first and/or second amino ie/
acid compound copermeating the membrane with the

uncharged compound into the aqueous second reaction

mixture.

4. A method as claimed in claim 3 further comprising

the step of returnlng the flrst amino acid compound

copermeatlng the membrane with the uncharged compound to
~ the aqueous initial reaction mixture.

5. A method as claimed in elaim 3 further eomprising
the step'ef returning the second amino acid compeund
copermeating the membrane with the uncharged compound to
the aqueous initial reaction mixture.



3. A nethod as clainmed in claim3 further conprising the step of

returning the first amno acid conpound coperneaLLng_Lhe—HEHbFaﬁe—mnth the

uanarged conmpound to the aqueous initial reaction n1xtur
as- Ckélned in claim3 further conprising the ste& l!“e second

am no acid conpound coperneatlng t he menbr ap conmpound
to the aqueous initial reaction mxture. > A_nethod as clalned I n
claim1, conprising the steps of: condensing a N-acyl-[err]-substituted

;L-aspartio acl § haviedtivd G IsFARRONLRI0 ERUP, Wdilos 2IiEEVERL AN ne

| ower al kyl ester having an a- ammoni um group, 1In an’ aqueous re ctron
m xt ure incl udi S§ePsc ensation enzyne to form

N-acyl - L-aspartyl - (awﬁaiéﬁglu{ge@ Nlaéy@-rwlﬁimm;ﬁéuve-rmé Ar@ﬁéeécﬁa -
unchar ged peptlgag trans ort t he uncha d tide fromthe aquepus

reaction m xtur VRt iHhtRpep 1% XPYPE by
. osnosi's; and cora\z.euyw ragsﬁém nmdmgmd mmdmum g, obiican naqmeloESt 0 a

species that can 1§£¥aﬁiéaigd§g fﬁéfﬁﬁ#\ rﬁgﬁﬁéﬂgﬁtlon efigﬁ eC|esr?hat

claimed in clai M conpri'si ng ep ol remnovin
cannot back- d|thgyLmhﬂﬁﬁpanﬂylm*ﬂnsﬂhst1tnﬁedkeTﬁtﬂh@ﬂYhﬁkﬁ@*%e Bowerp

met hod as clalmgiﬁyi<g§¥é§Egﬂwuﬂgﬁgfggavﬁgﬁ@ad@e condensatlon enzyne is a

peptide form ng protease active in a pH range of. A et hod
as clained in clai m&RANSRIGEING %dé‘h%%ﬂ W&ﬁ@?’e‘i‘? sf’é°%e\:?ﬁeaque°us

protei nase, thi gleaitdicn MEtuIardrYss Pt Bomase] st ot ahéwipranei fate. all.

A nethod as cl ai rm(é rjl__ clai,n g v@erel n_the, condensation enzynme is
mixture by osmosis; -
chynot rypsi n,

and converting the uncharged peptide in the prbduct
mixture to a species that cannot back-diffuse across the
membrane. ' ' ' ' ' ' '

7. A method as_elaimed in claim 6 further comprising
the step of removing the species that cannot back-
diffuse across the membrane from the product mixture.

8. A method as claimed in claim 6 or claim 7 where the
condensatlon enzyme is a peptlde forming protease active-
in a pH range of 4.0 to 9.0.

L,j . 9. A method as claimed in claim 8 wherein the
condensation enzyme is a serine proteinase, thiol
proteinase, carboxyl proteinase or metalloproteinase.

10. A method as claimed in claim 8 wherein the

econdensatlon enzyme is chymotryps1n, trypsin,
substlllsln BNP', Achromobacter protease, papaln, pep51n,
thermoly51n or prollsln and the pH of the' reaction
mlxture is from 4.0 to 9.0. '

11. A method as claimed in claim 10 wherein the
condensation enzyme is thermolysin and the pH of the
reaction mixture is about 5.5. | '



substilisin BNP', Achronobacter protease, papain, pepsin, thernDIysin or
prolisin and the pH of the reaction * mxture TS —0- A
met hod as claimed in clai.m 10 wherein the con \ v-i*
t hernol ysin and the pH of the reaction m xtur mmmmnﬂﬁﬂﬂmﬂ o _
met hod as clainmed in claim9 mhereln t he pH of *t he aqu ctlon n1xture
is from4.0 to 6.0. 13: A nethod as clakmed in any of clains 6 to 12 :
wherei n the uncharged peptide is convertéd' to a charged speC|es by cl eavage
with an estenase gn ein the
esterase enzy%e |§ac |\?éllldans a‘ﬁp 4a?r)lgjileﬁ?lo ﬂGﬁb %ﬂ%reﬂlxg @1% gd as .
cl ai med in clthiemamegus aleagtion nisrtire ek&y@moms4eﬁnMa@y¢ase l,
[err]-chymotrypsin or substilisin A 16. A nethod as clained in claim 15
wherein the esterase en ne |s anj noacylase | and the pH of the reaction
mixture is addut P @ethod %aw%qwm &re@edifng claim

wherein the Raydtedie mrmnmqbd@@tid&nf@l&&mﬁwleolaquhdrged
i rmobi lized b the organic

capillarity ores .in a m.croporous sheet,
| aui d bel ng SPERAY (thedVhd® v dl SRERTHRE WBeImEC L hod as el ai e
in claim17 wherein the n1croporous sheet I s made of
pol yt et r af | ugr,oet hyl pele] 5¥§3é C ri ses
n- 1- decanol , (]_ hte%(/ ecanol é/% (ra?ﬂf gﬁe?ﬂl‘% d'{%eglg%am de, _
dodecane, 2- @ﬁﬁaﬁﬁﬁﬁuﬁﬂﬁymﬁ>&ﬁn4§$%¥ﬁw¥ﬂﬁa Hﬁ)raﬂg¢mﬁﬁo® @stel 8ifed in
claim 18 wherein the m.croporous_-sheet conprises polypropylene hollow '

fibers and t sol.vent, _.conpri s et hyl - dodecanam de and dodecane.
_q%. A method ‘as c almgﬁcyn cfaim 13 w eregn ghe _

. esterase enzyme is aminoacylase I, a-chymotrypsin or
substilisin A. - o :

16. A method as claimed in claim 15 wherein the
esterase enzyﬁe is aminoacylase I and.the pH of the
reaction mixture is about 7.0. -

17. A method as claimed in any preceding claim wherein
the membrane comprises a water-immiscible organic liquid
immobilized by capillarity in pores in a microporous
sheet, the organic liquid being 'a solvent for the
uncharged peptide.

18. A method as claimed in claim 17 wherein the
mlcroporous sheet is made of polytetrafluoroethylene or
polypropylene and the solvent comprlses n-1-decanol n-
hexadecanol 'n-dodecanol N, N-dlethyl-dodecanamlde,
dodecane, 2 2-undecanone or mixtures thereof.

19. A method as claimed in claim'18“wherein'the'
microporous sheet comprlses polypropylene hollow fibers
and the solvent comprlses N N-dlethyl-dodecanamlde and
dodecane.

20. A method as claimed in claim 17 wherein the
membrane is a Bend, Type 2 Hollow Fiber Selective



%0. A nmethod as clainmed in claim17 whereinthe nenbrane is a Bend, Type 2
Hol | ow Fi ber Selective- D alysis Menbrane. 21. A nethod as clained in
any_precedi ng claimwherein the first am no acid conpoundis—— -
- DL- penyl al ani ne net hyl ester, and the second ' ' nd i's N
~acyl-[err]-substituted -L-aspartic acid havi ngﬂmmmmn) we group. 22.
A nethod as claimed in claim21 wherein thegN atyl ¢ grioup | r] or [err]
and the - substitutent is [err] ter BuO, [err] or NH2-. 23. A method as -
clainmed in any g ' Lipavherei n the condensation enzyne is
I mobi |1 zed. Ziajﬁégﬂg?%gghggﬂ%¥gined.in claim 23 wherein the condensation
“enzyne is thernolysin and the pH of the reaction mixture is about 7.0. 25.
A nethod as cl gijed A métbdN 28 ¢1Eiked DOMEMy Shrgcédingt €Padh wrhadgiating
the pH of the reactjon mxture to, H of about i,g_ rior tf transporting
t he uncharged i AR IS TYPWRE e Be d@ge?%ﬁa MPEj ection
menbrane. 26. Aegttiybcesiser) aamkdthe stcomd Gahimo hecidoopmpsung iheNstep of
-separating N-acyl-Jerr]- ' ed- L. LCc.ach tibg the ion
rejection rrerrbr%%][ i%t%uﬁ#e) %‘!rl% uc;jL %%%%ﬂ Zalefag\h%g?ﬁ%gggs&cl ainmed in
claim 6 furthercaxhgrybate gheurt ep of separating phenyl al ani ne | ower al kyl
ester coperneating the ion rejection nenbrane into the product m xture. 28.
A nmet hod for the enéxnatic resol ution of, racenic carboxylic ggid conggunds,
conprising-tfma%%ep grethod as claimed 1in claim 21 wherein e N-ac

- group is @CH,0CO-, -CH=0 or @CH,CO- and the -

substitutent is ®CH,0-,. ter BuO-, CH;0- or NH,-.

'23. A method as claimed in any preceding claim wherein
the condensation enzyme is immobilized.

"24. A method as claimed in_claim 23 wherein the
condenSation enzyme is thermolysin and the pH of the
‘reaction mixture is about 7.0.

25. :A method as claimed in claim_23 further comprising
the stép of feadjusting the pH of the reaction mixture
to a pH of about 5.0 prior togtranéporting the uncharged
peptide from the feaction mixture across the ion

U o rejection membrane. '

26. A methcd'as'claimed in claim 6 further comprising
the Step'¢f separating N-acyl-f-substituted-L-aspartic
acid'ccpermeating the ion rejection membrane'intb_the
product mixture.

27. A method as claimed in claim 6 fhrther_comprising
'~ the.step of separating phenylalanine lower alkyl ester
copermeating the ion rejéction membrane into .the product

mixture.

28. A method for the enzymatic resolution of racemic -
carboxylic acid compounds, comprising the steps of:



hydrol ysing a .racemc carboxyllc acid ester conpound in an aqueous reactlon

m xture includi ng—a—hytretyzi-nrg—enzyre to forma charged enantiomeric

an u iomeric ester conpound in the aqueous
reacti on m xture; rli@aﬂ "m the uncharged enantioneric ester

conmpound and

conmpound fromthe

into a product mixture.
racem ¢ carboxylic acid ester
the charged enantio

unchar ged enantlon5;$

A met had as Clalned in claim?28 mhereln

d L- id d dth
SLyRpBEnd FacanteaAARoREL i caF LR BBRBEUNd. 30

e

m xture across an ion rejection menbr ane

t he

conpound i-s é D, L- am no aC|d ester compound:;

A

F

net hod as cIacmmpoundcinlanzaqﬁeoueereaotmonsmmgtuhe inemudﬁngoayertlng the

unchar ged D- S n_t u 0 'a species
t hat cannot gg%@P%f§% @ égégﬁgn?gegggﬁbraggagégg gkéﬁkﬁkﬂégéé clained in
cl ai m 30 whereompoundsang an uonhergeﬂgengnedpmeriﬁgesherpHoupopnd ginoduct
mxture to a b ohqResUs gegctggn mfxqgggodaﬁa clained:in claim28 wherein

t he hydrol yzi
am noacyl ase

ng enz%ne Is selected fromthe roug§con5|$t|ng of

I, ?ﬁﬁPP?EéPH tRhe vnehpreednenansionerlfeeRb@8Tas cl ai

nmed

in claim?28 weempbﬁnaherbmdtnéyaqugoaazyéactsonnmmhthréedcraés ah M&ihod as

vetter 1 m sci HPLceF 8 BeRPERa TRhELr, PosaUGy BARFRFR iy i n pores in a

m croporous sheet, the’ organlc liquid belng a -sol vent * C L
* - .

wat er - i mm sci

S

ane COI'TpI’I Ses a

29. A method as claimed in clalm 28 whereln.
the racemic carboxylic acid ester compound is a
D,L-amino acid ester compound;

M .

o

the charged enantlomerlc compound is a L-amino acid

compound, and
the uncharged enantiomeric compound is a D-amino
acid ester compound. ' )

30. A method as claimed in claim 29 further comprlslng _

the step of convert1ng the uncharged D-amino acid ester
compound in the product mixture to a spe01es that cannot

'back-dlffuse across the membrane.

31. ‘A method as clalmed in claim 30 wherein the step of

converting is adjusting the pH of the product mixture to_

‘a pH of about 2.0.

32. A method as claimed in c1a1m 28 whereln the

hydrolyzing enzyme is selected from the group consisting
of amlnoacylase I, a-chymotryps1n and subtlllsln A.

33. A method as clalmed in claim 28 whereln the

hydroly21ng enzyme is 1mmob1llzed._

34. A method as claimed in any of claime 28 to 33
wherein the membrane comprises a water-immiscible

-organic liguid immobilized by capillarity in pores in a

microporous.sheet,'the_organic liquid being a solvent



for the uncharged conpound. 35. A nethod as clainmed in claim 34 wherein
the m croporous . sheet is nmade of polytetrafl uoroethyl ene pol ypropyl ene and
the_ sol vent conprises n-I|-decanol, n- hexadecanol, n-dodecanol, -

N; NN et hyl - dodecanam de, dodecane, 2-undecanone c”llﬂllj]““mmmﬁmg 36. A
met hod as clained in claim35 wherein the m cropor milses

pol ypropyl ene hol l ow fibers and the solvent gogprises® * * * * .

N, N- di et hyl - dodecanani de and dodecane. 37.. “k9réthod as clainmed in claim34

wherein the mer ' YRE, | ow Fi ber Selective Dialysis
e AEHS SllEfYaed [Bongontn;

Menbr ane. : 38 arm 29 wherein the D, L- anmno acid
ester conpound is D, L-phenyl al ani ne | ower al kyl ester having -an a-anmoni um

group. 39. A nmejdod Asmetrbdessi 8141k 38 ¥DRiRI 54 tiigein €RENYI al anine
| ower al kyl ester,is D, L-phenyl al api ne neth ester. 40

I . A nethod as
claimed in clai MECHFIRIEMNS s ﬂe?i}§tm%ﬂ?n3¥aE?HYE%Eﬁ%E%ﬂ°¥§eEh¥%%P§ed
L-am no aci d corpsyprepylenedand theesdbhident comprtses mabydetandd) nr-23
to 39. hexadecanol, n-dodecanol, N,N-diethyl-dodecanamide,

dodecane, 2—undecanon¢ or mixtures thereof.

36. A method as claimed in claim 35 wherein the

_microporouS'sheet comprises polypropylene hollow fibers
= and the SOIVént_COmprises N,N-diethyl-dodecanamide and
- dodecane.. | - | |

'37. A method as claimed in claim 34 wherein the
membrane is a Bend, Type 2 Hollow Fiber Selective
Dialysis Membrane.

38. A method as claimed in claim 29 wherein the D,L-
amino acid ester compound is D,L-phenylalanine lower
alkyl ester having an a-ammonium group. -

39. A method as claimed in claim 38 wherein the D,L-
. . phenylalanine lower alkyl ester is D,L-phenylalanine
.ky) o methyl ester. g

40. A method as claimed in claim 1 wherein said first

amino acid compound is a Charqed L-amino acid compound

produced by a method as claimed in any of claims 28 to
N 39.

————— e a1 i @ 27 o e



