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2223227 -1- TITLE: Solid Phase Peptide Synthesis:DESCRI PT| ON The invention
relates to solid phase peptide synthesis. The abbreviations wused in this
Specification are in accordance wth the 1983 Recommendations of
the | UPAC-1UB Joi nt Conmi ssion on Biochenical Nomenclature, as set out in
Eur J Biochem 138, 9-37 (1984). In addition, th oLl pw ng_are usgd;
TFA trifluoroacetic acid DCM di chl or onet hane %éfﬁ 297 ?*i?
di met hyl f or mam de NWVP N- net hyl pyrrol i di ne DVAc di met hyl acet ani de Am no
acids and their residues are of L-configuration unless otherw se specified,
e.g. Ala = L-alanine, DAla = D alanine. ~The term (nmeth)acrylic 1is
used to indicate either acrylic or nmethacrylic. The usual nethods of solid
phase peptide synthesis conprise the foll ow ng sequence of operations:

-2- 1.- Deprotection of the Boc group; 2.- Washings; 3.- Neutralization of
[err] in a position; 4.- Wshings; 5. .Couplings; and 6.- Wshings.

TITLE:

Solid Phase Peptide Synthesis

DESCRIPTION _

The invention relates to solid phase peptide synthesis.

The abbreviations used in fhis Specification are in
accordance with the 1983 Recommendations of the
IUPAC-IUB Joint Commiséion on Biochemical Nomencléture,
as set out in Eur J Biochem, 138, 9-37 (1984). In
addition, the following are used:

TFA trifluorocacetic acid
DCM =~ dichloromethane o
DMF dimethylformamide
NMP N-methylpyrrolidine

DMAc dimethylacetamide B

Amino acids and their residues are of L-configuration
unless otherwise specified, e.g. Ala = L-alanine, DAla
= D-alanine. The term (meth)acrylic 1is wused to
indicate either acrylic or methacrylic.

The usual methods of so0lid phase peptide synthesis
comprise the following sequence of operations:




Deprotectlon and neutralization steps are achieved by treating the
resin-peptide with, TFA and diisopropyl- ethylamne solutions in DCM
This same solvent ,is also used for internediate washings. -
What ever the couplang agent used (synmetrical -anhydride, di cycl o-

hexyl carbodi i m de, hydroxybenzot ri azol, _pgtc. ), the coupling reaction
is conduied either in DCMor in DWVF. Cbnsequently solid phase peptide
synt hesis involves large quanties - of rather expensive - solvents and

reagents such as TFA ¢ 1hps 0£@@ti&ﬁ$&f Phe BocPgPbifge directly depends
on the costs of DCM NW d&F DMAC and TFA used in the synthesis.

Therefore, it would be %art“%%¢h?$§»|nterest|ng to find cheaper

“sol vents . and reagenss- Né@trapiﬁl&‘ti&hgaf‘fNHgnih)& 681{;@@94357 the
manuf act uri ng - cost pepﬁ dﬁgﬁ Qur  Eur opean© Patent 984

descri bes polyacryllc ?e5| as F2h are copolyners of three nnnoners.
as follows: (i) a fiBstCowpbimgsyphasd provides a matrix for the

gopolyner and i s one of 1- (ﬁg%ﬂ%ﬁé%yloyl pyrrolidine, _

(et h) acryl oyl - plperldlne h) acryl oyl - per hydr oazepi ne, .

1- (et h) acryl oyl - 4- met hyl - pi perazi ne, 4-(meth)acryl oyl - norphol i ne, - 3-

N’N'di”Ethyl'(”9%9%3%%¥E§3Ed%uﬂﬁdneutralization ‘steps are achieved by

: treating the resin-peptide with 'TFA and diisopropyl-

ethylamine solutions in DCM. This same solvent is
also used for intermediate"washings.' Whatever the

: coupling agent used _(symmetricai anhydride, dicyclo-
hexylcarbodiimide, hydroxybenzotriazol, ete.), the
coupling reaction is conducted either in DCM or in .
DMF .

Consequently, solid phase peptide synthesis involves
‘large . quanties of - rather ekpensifé solvents and
reagents such as TFA; thus, the cost of a peptide
directly depends on the costs of DCM, NMP, DMF, DMAc
and TFA used in the synthesis. o |

Therefore; it would be particularly interesting to

o find cheaper solvents .and . reagents in order
significantly to 1lower the manufacturing cost of"
peptides.

Our European -Patent. No. 79842 describes _polyacrylic
resins which are copolymers of three monomers as
follows: :
(i) - a first monomer which prov1des a matrix for the
- copolymer and is one of '
C1- (meth)acryloyl-pyrrolidine,

- 1-(meth)acryloyl-piperidine,
1-(meth)acryloyl-perhydroazepine,
1-(meth)aeryloyl-lU-methyl-piperazine,
4-(meth)acryloyl-morpholine,



N, N- di et hyl - (meth)acrylamde (ii) ~a second nononer whi ch ‘crosslinks the
copol ynmer and is one of N N - dl(neth)acryloyl di am nqnet hane and

N, N - di (et h)acryl oyl -1, 2-di ami noet hane, and (iii) a’third nononer which
activates the copolyner and is.one of the follow ng acids '
2- (nmeth)acryl am do-acetic acid, 3-(nmeth)acryl am do-propionic acid, (J*

4- (met h) acryl am do- butyric aC|d 6- (negh) acryl ami do- hexanoi ¢ acid, "<

N- (et h) acryl.oyl - L-al ani ne, N—(neth)acryloyl L-valine, N '

(et h) acryl oyl -L-1eucine, N-(neth)acryloyl-L-phenylal ani ne, :

N- (et h) acryl oyl - LNtwpdﬂmnehym-(mmnm»ammwhaﬂidb-mthionine, g

N- (et h) acryl oyl - L4 I | A -L-proline or is a nethyl
ester of one of tho§§8g§%3§§ﬂTé2%§%§%Q%sﬁné¢s ave free carboxy or

net hoxycar ddiiy) gr@umgqnad\monpmennmbh@htnrpashﬁnbﬁeﬂhe capo lFmespean
Patent No. 81408 dgg@rijResnfeuisigher polyacrylic resins in which these groups
are amdified with ethy%ggmeﬁlan1ne I't al so descri bes the use of these

further polyacryli &:MNesi higiery Lovdsdisggimome thane,aids pbut only in-

conj unction with ting Nexja(weth )a@ryalyd -CIgRIildnmintdthand|sathd W th
pol ystyrene resins

di scussed rei naQqve.. The_jnventi rovi des a
met hod for Sotdh pﬁas%h'b%%t P& OMBT h@gfgh &%e v ar}'ﬁ%m'&h qsy"ﬁe
attaching a firstanamimo one & ddied fo Movd ngladasy| i c re5|n coupllng

2-(meth)acrylamido-acetic acid,
3-(meth)acrylamido-propionic acid, _ _
4-(meth)acrylamido~butyric acid, | Wl
6- (meth)aerylamldo-hexanoic acid, | ' |
N- (meth)acryloyl L-alanine,

N- (meth)acryloyl L-valine,
N-(meth)acryloYl-L—leucine;'
N-(meth)écryloyl-L—phenylalanine,
N-(meth)aéryloyl—L-tyrosine,

N- {meth)acryloyl-L-methionine,
N—(meth)acfyloyl_h-lysine, and
N-(méth)acryloylmL-pfoline-

or is a methyl ester of one of those acids.

b

These copolymers have free carboxy or methoxycarbonyl
groups deriving from'the third monomer. Qur European
Patent No. 81408 describes further polyacrylic resins
in which these groups are amidified with ethylene
diamine. It also describes the use of these further -
polyacrylic resins in solid phase peptide synthesis,
‘but only in conjunction with the expensive solvents
conventionally used with polystyrene resins, as
discussed hereinabove.

The invention prov1des a method for solid phase peptide
synthesis, the method comprising attachlng a first
‘amino acid residue to a polyaerylic 'resin, coupling
‘one or more further amino acid residues to form the



one or nore further am.no acid residues to formthe -4- desired peptide
and- detaching the, peptide from the resin, characterlsed in that-
the coupling protocdi i ncl udes steps of mashlng the resin in water
and/ of aqueous sol ution(s). The nethod of the invention takes advantage
of the hydrophilic properties possessed by polyacrylic resins unlike
polystyvéne resins. The polyacrylic resiqgs. for use "in the nethod of
the i fvention are preferably those described in our European Patents Nos
79842 and 81408 as above di scussed. The first am no acid residue nay be .

fixed on the maeslixethrpeptidé heand! ytsﬂaam'id@ rbhiect peptBde Ciram tine

al ., Tetrahedron 1985, 4 ev np ile
bi nders such ak® FE&R] ﬁﬂ%%%cﬁgiigegr él £9y§}f£$§ve%§% sat?sfgg§g?£ab
-5- The resin dmpgludes betepshed iwaswing . th?hel"ﬁéi(tl akf nyagerd é'ﬂd{ﬁé

peptide sequen eyl be added according to the follow ng
prot ocol (-appl ?ga%PuQ gnhtgggg§3tectlng group is Boc): 1.- Washing :
distilled water - 2 to 4 times, 2 m each; 2.- Deprotection : HO (6N) in

water - once; fThe method of the invention takes advantage of ‘the
| | hydrophlllc properties possessed by polyacryllg resins
unlike polystyrene.fesins. The polyacrylic resins fbr
use in the  method of the invention are preferably
those described in our European Patents Nos 79842 and

k/‘ " 81408 as above discussed.

‘The first amino acid residue may be fixed on the matrix
through the glycolamide moiety (B. Calas 'and al.,
Tetrahedron, 1985 41, 5331). Previous attempts with
_other labile binders such as '

X—CH2 02H
~ | : x CH, —
- X-CH —0-CH,-CO,H

2 2

" wherein X =.Br, Cl or OH proved unsatisfactory.



m and once again, 30 mnutes; 3.- Washing.: distilied water - 4 to 6

imes, 2 m each; 4.- Neutraliation : 1 equivalent of borate buffer 12.5 nM
.5-9.0 - once, 1 to 2 m and once again, 1 to 2 m; 5.- Washing :

illed water - 4 to 6 tines, 1 to 2 mm each; 6.- Washing : DWF - tw ce,

2 mm each; 7.- Coupling : synnetrJg;ﬂ anhydrlde (2 eqU|vaIents\A;mAce :

in DVF) 8.- Washing : DVF or NMP - twice, 2 mm each; and 9.- Washi ng=_

distilled water - 4 times, 2 mm each. The progress of the coupllng reaction’

may be cont gkl pdshu ﬂﬂa@hwifemeo@rwééweaemaﬁamer.Al tERiaiéxel yminben t he

rotectin ro I s Fnoc, he el ation_ prqtoc s follo
p.- vashlgggc gpQFHqQﬁjRﬁRQ%é% 2= ge% CEi psq’ ﬁhlggcwayqu PS&@CIIOH
pi peri di ne accdrdtihgl ao néhien falkowidg- pﬁnﬂucqj (a&oﬂucpadel whance 2 m .
each; distlkbg p@gggtéoé Fgogptage§ % m’ each; 4. - Cptionally washing :

DMVF - - once gymietri c anhydrlde (3 tines.in excess in
DVMF) and 6.- Washind.= EmﬁhimaﬁEediﬁthhléécﬁ9teu|stalF@d“ times,

2 mn eaeh

2.- Deprotection : HCL. (6N) in water - onée,
2 mn and once again, 30 minutes;

3.- Washing : distilled water - 4 to 6 times, -
2 mn each; - ' ' _ A

4.- Neutraliation : 1 equivalent of borate
‘buffer 12.5 mM pH 8.5-9.0 - 0pce,'1.tq 2 mn

and once again, 1 to 2 mn;

5.~ Washing : distilled water - 4 to 6 times,
1 to 2 mn each; '

6.- Washing : DMF - twice, 1 to 2 mn each;

T.- Coupling : symmetfical'anhydride (2 .
equivalents, twice in DMF) v/

8.- Washing : DMF or NMP - twice, 2 mn each;
and

9.- Washing : distilled water - 4 times, 2 mn
each. |

" The progress of the coupling reaction may be controlled
by ninhydrine or fluorescamine.

Alternatively,'when the protecting group is Fmoe, the
elongation protocol may be as follows: .



water - 6 tinmes, 2 m each. Wen the' synthesis is conplete, t he

peptide is separated fromthe matrix by a selective breaking of the

gl ycolsanm de bond -obt.gi ned by one of the following treatnments: - NaOH in

i sopropanol, - [err] in trifluroethanol or nethanol or ethanol or

i sopropanol, - [err] in DW and - [err] in trlethylanlne Wth this

met hod, ??%e reference peptide of Dorman (Léu Ala Ay Val) and LHRH anal ogs
wer e obt ai ned wi t h ylelds of approx over % The follow ng Exanples
illustrate the inventio LE 1 esi s of Eer LH

pyro-d u- H s- Trp- Ser- Tyt~D ”L%u ﬁ’?&i{)&%& g of l%_'p‘blr@%%r ylic

resin (0.55 mol [err]/g) awmnnﬁaﬁhby copol y- ner|5|ng

1-acryl oyl-pyrrolidine, N N -diacryloyl- 1, 2-diam no- ethane and methyl
2-acryl am do-acetate as described in Exanple 19 of EP 0079842, were treated
as follows 1/ washes widh [(R@pratectiexn P2 P#DQQE#QHQ/0me®¢¢bh¥k@mlmm with
5@6d||sopropylethylan1ne||1&X@4(é}1|nes 2 M each) 3/ washes with DCM (4
times, 2 m each). 4.29 g (0.0165 nbl) of bronpacetic anhydride in 50 m of
DCNIMere-added-to the resin. After 45 m of shaking, the DCM sol ution

was renmoved by filtrafdopaspikk i hEsopropanol, twice, 2 mn each;
' ' "~ distilled water - 4 to 6 times, 2 mn each;

4, - Optionally washing : DMF -'once, 2 mn;

o - ' ' '
5.- Coupling : symmetric anhydride (3 times
in excess in DMF) and
6.- Washing : DMF (twice, 2 mn each); distilled
water - 6 times, 2 mn each. '
When the synthesis is complete, the peptide is
separated from the matrix by a selective breaking of
the glycolamide bond obtalned by one of the following
treatments: '
- NaOH in isopropanol
— - NH3 in trifluroethanol or methanol or ethanol

or isopropanol
- N Hu in DMF and
- CH30H in triethylamine.

" With this methdd, the reference peptide of Dorman (Leu
Ala Gly Val) and LHRH_analogs'were_obtained_with yields
of approx. over 50 %. '

The following Examples illustrate the invention:
EXAMPLE 1

~ Synthesis of DTrpS-LHRH': pyro-Glu-His-Trp-Ser-Tyr-DTrp-
-Leu-Arg-Pro-Gly.



brom nat ed support was washed as follows: 1/ DCM (4 ti-nes, 2 m each) 2/
DVF (4 tinmes, 2 m each) Cesiumsalt of BocdyOH (4.22 .g,-0.0137 nol)
prepared according to Mery et al. (Int: J. Protein Peptide.Res. 1988, 31,
412) was dissolved in DWW (75 m), and this solution - was - added to the
resin. = The mxture was shaken for-fwo days at anbient. t enperat yre.

At this time, DVF was drained and the polynmer washed with: 1/ DVF (18<
times, 2 m each) 2/° Methanol (4 times, 2 nmm each) 3/ DCM (4 times, 2 m
each) 4/ D é Igybétmepls(aﬂ:rvlmgesm KA. i@mmyl Nilg/g ks Prepared doy deilryder hi gh -
vacuumin PrRSEasEy q aégiow 1idihe, 1& ﬁauascryloﬁte AM0Y0E; anffiod Y

|l i nked was 0.483 det’er mi ned amno _acid analysis after
hydr ol ysi s ert#amslxﬁncme yh "é\‘r‘é&%lléﬂ'ac%’iﬂte 5?8 WP R Pplefor 24

hours. BocG 19 BESER 0049842 , Glersn $redaiiess Wolowsat er (4 tines, 2 mm each) and
t he Boc group was c aved u5|n n_water (2 tines once_2-nn and
| in 30 m). 175 ghe gﬁﬁhbéﬁjﬁﬁvgameﬁy QfWPtﬁafpdn

once. again and . the
resin washed wth mAtneutﬁallans;oﬁ witbab¥) diisdpeopgliethyilaminen was

per formed using borat e; bu ( I the resin being treated
twice with 50 m of bu %? 66?1 Z @gmgﬁnng mzfgkbﬁaashlng with water (6

“tines, 2.rm each) &hdwaﬁbﬁSDNFtszFMnéé tipegy 2a®R) eashpwetrica

.anhydr' de ofy BopFg ofbl. o 6 BMnch30 o) vhBfioddeTe! AriliRiride in 50 ml
of DCM were added to the resin. After US mn of shaking,
the DCM solution was removed by flltratlon ‘and the

brominated_suppobt was washed as followus: o/

1/ DCM (4 times, 2 mn each)
2/ DMF (4 times, 2 mn each)"

Cesium salt of BocGlyOH (4.22 g, 0.0137 mol) prepared
according to Mery et al. (Int. J; Protein Peptide Res.
1988, 31, 412) was dissolved in DMF (75 ml), and this
solution was added to the resin. The mixture was-:

. shaken for two days at ‘ambient temperature. At this

time, DMF was drained and the polymer washed with:

1/ DMF (10 times, 2 mn each) - ; - Y
2/ Methanol (4 times, 2 mn each)

3/ DCM. (4 times, 2 mn each)

4/ Diethylether (4 ﬁimes, 2 mn each)

The resin was_dried.dnder high vacuum in presence of
KOH pellets for 12 hours. The amount of Gly linked
‘was 1 0.483 mmol/g, determined by amino acid analysis
after hydrolysis in 6N HCl in evacuated and sealed
tubes at 110°C for 24 hours.

BocGly-Resin (H.47 g) was washed with water (4 times,
2 mn each) and the Boc group was cleaved using 6N HC1
in water (2 times, once 2 mn and once again 30 mn).



resin.. The solution of symetrical gnhydride was prepared as foll ows: :
BocProOH (3.55 g, 0.0165 nol) was dissolved in 40 mi of DMF, the solution
was cqol ed at [err] and dicycl ohexyl carbodiimde (1.69 g, 8.25 mmol) in 10
m - of *DCM was added: After stirring at [err]- for 30 mm and filtration,

the solution was evaporated under high vacuum w thout heating and the
resi due# ssol ved in DVF and added to the8-esin. ~The m xture was shaken
for 30 m, at this tine the qualitative ninhydrin test of Kaiser et al.
(Anal . Biochem 1970, 34, 575) was negative indicating a coupling yield

hi gher than 99H6% wWas Demownsd t hgn fehtwatiamd ande S$hpporesins washed

twice with DVF 2, magach) (&ngdipbkh Wﬁﬁﬁgr%%ckhnes T%é“héﬁfpglhgyt§%n

protocol was used to incorporate the ot am no 6 aci
-LHRH sequenc®as Peﬂf@Pme‘b?M&alb°i§fﬁﬁfdrb'éi§§e'(7\er(é2pr5epf&fﬂ@leis USPIHngg)a

BocAr g(M s) OH {i{e52e84 n0-HeliGz NHdat ROCLRLEE! (4thl 5D M1 0585 yitder (1
BocDTrpOH (5.02 g, 0.0165 , BocTyr I chl robeggyd?CH or BocTyr

(2,6 DCB) OH (7MB6 §fct 016 WBS%&B&(E?HS wakele |)m
BocTrpOH (5. 02agh)0.dhkb5wiibh) DbBDcHQs(ﬁmaé,rophenyl geblh )or symneti bcal

{ noorporas ton piyaBrfRr arctdan R L e (2500 G RelRe o) 4G 1"
times, 2 m each?;nwnth diethylether (14 tinmes, 2 m each) and dried in
hi gh - 9-
B . 'The solution of symmetrical anhydridé was prepared as
Y, __-: follows: BocProOH (3.55 g, 0.0165 mol) was dissolved
in 40 ml of DMF, the solution was cooled at 0°C and
dicyclohexylcarbodiimide (1.69 g, 8.25 mmol) in 10 ml
of DCM was added. After stirring at 0°C for . 30 mn and
“-filtration, the solution was evaporated under high
'.&acuum_ without 'heating and the residue_ dissolved in
DMF and added to the resin. = The mixture was shaken
- for 30 mn, at this time the qualitative ninhydrin test
of Kaiser et al. (Anal.Biochem. 1970, 34, 575) was
negative indicating a coﬁpling yield higher than 99.6%.
The DMF was then removed and the support was washed
twice with DMF (2 mn each) and with water (4 tlmes, 2
mn each).

This protocol was used to incorporate the other amino :
acids of the ;DTrps-LHRH sequence. The symmetrical

- anhydrides were prepared using: BocArg(Mts)OH (7.52 g, -
0.0165 mol), BocLeuOH (4.11 g, 0.0165 mol), BocDTrpOH
(5.02 g, 0.0165 mol), BocTyr (2.6 dichlorobenzyl)OH or

' BoeTyr (2,6 DCB)OH (7.26 g, 0.0165 mol), BocSer(Bzl)OH

~ (4.86 g, 0.0165 mol), BoeTrpOH (5.02 g, 0.0165 mol),
BocHis(Dinitrophenyl)OH or BocHis (Dnp)OH (6.9% g,

~ 0.0165 mol), pyro-GluOH (2.13 g, 0.0165 mol).

_ After the. incorpOratipn of the pyro-GluOH, the resin
was washed with methanol (4 times, 2 mn each), with
diethylether (4 times, 2 mn each) and dried in high



vacuum at anbi ent tenperature for 48 hours. The péptide-resin was t

treated wit

h .t hi ophenol (10 M) in DVF (50 m) to renpve the dinitr

"group on the histidine side-chain. After 45 m of shaking, the .th
solution was drained and the resin washed with DM (4 times, 2 mm
DCM (4 tines, 2 mm each) and diethylether (4 times, 2 mm each).

resin was

dried wunder high vacuum Qe+ 12 hours. It was tre

hen
ophenyl
i ophenol
each),
nEhe
ated

twice (30 mm each) at [err] with 50 ml of the following precool ed solution’

trifluor
m.), nmetacr

onmet hansul fonic acid (3.6 nl), anisole (4 n), thioan
esohupabi ymbhentr tenperatuee| gonch8 henosmi). = After t

of deprotection, the resin was washed with DCM (2 tinmes, 2 mm each),
DCM DVF (50-50) (2 tinmes, 2 m each), diiso gropylethylan1ne 5 %in

tines, nnTéacH?PtEﬂF resipnwas ?ﬂﬁ?eﬁﬁﬁﬂ

eqd sWpEBpdhdionkanal (¢h

isole (4
he end . -
DOM (2
30) (3

tines, 2 MmERCAHh. DMEPep§Odarinestd mmot:bentwsaahde@olpm@ymH gr&a@p ur at ed

trlfluoroet

250.-3,mM ). The m xture was shaken at

han IC, .S  on
tenperature g# Bis ﬁbgige 81éﬁécrla{lﬁfluoroethanollc ~ solution

.cont ai ni ng

6 deprotected DTrp -LHRH was collected and the suppo

washed “‘thAF@QFrl&ﬁ ﬁh"%?’ ?ﬁ H?ng h% ”%H@%Bﬂeqb tkgﬁﬁtlénnnwgg

water (6 ti

nes, each €S wer e "pool e

anblent

rt was
ch) and
rought

to about 4 d\X‘@thN Iayl@ro‘@:l'moPBélacW@SlterﬁeyWMbheDMSndéht\ime%h urde® vacuum
Wi thout he@ébﬂ?rulDCM {uTkte.i.mééaS' guqnn V‘@ﬁgﬁ')i%d@”@‘i@@hy@@th@r coly

car boxynet h
.gradi ent of

che ose (\Wat hnan IQ rg aline
imes, mn each). ‘The resin was dried under hlg

vacuum - for 12 hours. - It .was treated twice (30 mn

" each) at 0°C with 50 ml of the following precooled

solution : trifluoromethansulfonic acid (3.6 ml),

anisole .(4 ml), thiocanisole (4 ml), metacresol (N_MI)_-
~and . trifluorocacetic acid (40 ml). After the end of

deprotection, the resin was washed with DCM (2 times,
2 mn each), DCM/DMF (50-50) (2 times, 2 mn each),
diisopropylethylamine 5 % in DCM (2 times, 1 mn each),
DMF (3 times, 2 mn each), isopropanol-water (70-30) (3
times, 2 mn each). Peptide-resin was then suspended
in a NH3 saturated _ppifluoroethanolic solution (250
ml). v

The mixture wés shaken at ambient temberature for 15
hours,  the trifluoroethanolic solution - containing
déprotected DTr‘ps-LHRH was collected and the support
was washed with water (4 times, 2 mn each),.methanol
(4 times, 2 mn each) and water (6 times, 2 mn each).
The filtrates were pooled, the pH was brought to about
§ with 1N hydrochloric acid; they were concentrated
under vacuum without  heating. The residue was
fractlongted) on a column of carboxymethylcellulose
(Wathman)FM 52, 10 X 2 cm) with a linear gradient of
NaCl (10 mM AcONa pH 5.0 to 10 mM AcONa, 0.15M NaCl pH
5.0). Appropriate fractions were podled, lyophilized
and desalted by gel filtration on. a column

um  of
ar
[



NaCl (10 nM AcONa pH 5.0 to 10 mM AcONa, 015MNaCI pH 5.0). Appropri ate
fracti ons were pool ed, l'yophilized and desalted by gel filtration on a

col um -10- (100 X 2.5 'cm) of Sephadex (RTM GIO in 10 MHOA. . The
peptlde fraction was then purified by HPLC on a colum (270 . X 20 mm) of
Li chrosorb (RTM RP18 (10 [err]) using trifluoroacetic aci d (TFA)
0.01 9%>in water and acetonitrile as eFUbﬂts Yi el d: 51@6(based on the
starting am no groups of the support). g},a,gl)d anal ysi's: G u0.99 (1),

r

Leu 1.0 (1), HIS 1()5{&) Trp 1.89 (2) 96 (1) 97 (1), Pro-
0.99 (1), d y 1« U’}o (¥ r cgdne0Bini SRPRAG K SHiCchigr elo e)é% HGbke i Fheci dic
condi tions, - pidal rraet 1es wHBY thlea uQ*&QTiedt HED® 6% Pactel aies

due to de radat of t e neth R used for the follomnn
pepti des: 90° eé)ﬂbo %%p m%deoq‘ Lianilpé’s@rg’ A yilhOy =+ shdnE o
0.96, Ala = 0. %imaior'oaﬂcéﬁ.c Ledecidl. QAR nd @1 Ter lime Ghaté‘»er [ |

yield = 35.6% Se Wi 0 Ile = 0.99, Tyr 1, Arg = 0.99. CDC
28 ki nose prot et etf? lr51f‘| c%?l%#“?ﬁ S%Sycl e of "Ponmbee" yeast yield = 44.1%

'(crude peptlde) Tyr Lys Ala Leu Asp Leu Arg Pro GlyCH
~ Yield: 51% (based on the starting amino. groups of the
support).

Amino adid analysis: Glu 0.99 (1), Leu 1.0 (1), His
1.0 (1), Trp 1.89 (2), Ser 0.96 (1), Tyr 0.97 (1), Pro

 For some .amino ~acids which are less table in acidic
conditions, analytical values may be lower than -the
expected ones due to degradatioh of the same.
The same method was used for the folldwing peptides:
‘- Dorman peptide : Leu Ala Gly ValOH
yield = 46.6% :
. Gly = 0.96, Ala = 0.94, Val = 1.05, Leu = 1.04
- ' Laminine: Tyr Ile Gly Ser ArgNH,
k,; .yield = 35.6% : S |
- ~Ser = 0.75. Gly = 1.03, Ile = 0.99, Tyr = 1,
Arg = 0.99.

- CDC 28 kinose protein from the cellular cycle
of "Pombee" yeast
yield = 44. 1% (crude peptlde)
"Tyr Lys Ala Leu Asp Leu Arg Pro GlyOH
Asp = 1, Gly = 1.08, Ala = 1, Leu = 1.05 x 2,
0.99,

Tyr o
0.99, Lys = 1, Pro = 1.

Arg

- Tyrosine phosphatase _
yield = 58.6% (crude peptide)



Exanpl

1, Ay = 1.08 Aa=1 Leu 1.05x 2. Tyr 0.99, Arg = 0.99, Lys

e 1 was treated as follows: 1/ washes with DCM (4 tines,

Asp = .

1, Pro = 1. Tyrosine phosphatase yield = 58.6% (crude peptide) ‘Cys Ser
Asp Ser Gu Lys Leu Asn Leu Asp Ser IleOH Asp = 0.95 x' 3, Ser ‘0.58 x 3,
Au 0.67, I'le- 1.1, Leu =1.1. Oncogene: Phe Arg Gy Thr Leu Arg yield
53. 4% Phe 0.97, Arg- 2 x 1.1, Ay 1.02, Thr 0.99, Leu 1. EXAMPLE
2 Synthesis of Leu-Ala-dy-Val 1 g of -tlhe polyacrylic resin used i

2 mm each)

2/ neutralization with 5% diisopropylethylanmine in DCM (2 tines, 2 m each)

3/ washes. with DCM Cu#st iSess, AspmBarach}u0.1958 hep3. b

anhydr

‘the DCM sol uti.on was renoved by filtration aﬁ
‘washed as fol |l ows: 4BPDENP¢ 25t Knds, S8rnfi BaeR) ¥28,DEY(Z O
Cesi um salt. of FrocYakOet G1129L8u

al .

ide i

(Int.

EP ofsShr éfBacetic

n 10 n 19offCM was added to the resin. After 45 mm of shaking,

J. Peptide Protein _
- Oncogene: Phe.Arg Gly Thr Leu Arg
yield = 53.4% | .
Phe = 0.97, Arg = 2 x 1.1, Gly = 1.02, Thr =
0.99, Leu = 1. ' '

EXAMPLE 2

Synthesis of Leu-Ala-Gly-Val.

d the broninatgg support was
3, 2 mm each)
2. 1519mol ) prepared according to Mery et

1 g of thé_polyacrylic ‘resin used . in Example 1 was

- treated as follows:

1/ washes with DCM (4 times, 2 mn each)

2/ neutralization with 5% diisopropylethylamine
in DCM (2 times, 2 mn each) B

3/ washes with DCM (Y4 times, 2 mn each)

0.858 g (3.3 mmol) of bromoacetic anhydride in 10 ml
of DCM was added to the resin. After 45 mn of shaking,

the DCM solution was removed by filtration and ‘the

brominated support was washed as follows:

1/ DCM (4 times, 2 mn each)
2/ DMF (U4 times, 2 mn each)

Cesium salt of FmocValOH (1.29 g, 2.75 mmol) prepared

according to Mery et al. (Int. J. Peptide Protéin
Res. 1988, 31, #412), was dissolved in DMF (15 ml) and
the_sblbtion was added to the resin. The suspension

was shaken at ambient temperature for three days. At

this time, the DMF was drained and the polymer was
washed with: ' '

-



'Res. 1988, 31, 412), was dissolved jn DMF (15 m) and the sol ution was

added to the resin.. The suspension was shaken at anbient tenperature for
t hr eg days. At this 'tine, the DMF was drai ned and the polymer was washed
with:~  -12- 1/ DwF (10 times, 2 mm each) 2/ Methanol (4 tinmes, 2 mm each)

3/ DCM (4 times, 2 m each) 4/ Diethylethd®=(4 times, 2 m each) The resin
was drissd under high vacuum in presence of KOH pellets for 12 hours. '
The amount of Val linked was 0, 492 nmol /g, deterpined by anmino acid

anal ysis, after hydro1€éQ@F éﬁp'EﬁW§%] é%ﬁ?’é#ﬁghgled and seal ed tubes
for 24 hours. . FnocVal -HeMétHandl o4 veime®s@dnmwi ddewpter (4 tinmes, 2 m
each) and the Fnoc gr ' aved usin 10% pi peridine or diethylamne
in water (2 tinmes, ?&ﬂ%ﬁ_cﬁ{ ?t'-mﬁ‘Fe’ r%s’?‘h ?/%%ﬁfhe‘n washed with

i sopropanol (2 tines, ¥ rineoh)etdar Wil timesr 2 Mmniemsh) 2 T each).
Symmetrical anhydride.of FnrocAyOH in DV (15 m) was added to the
support. ~ The solution of symetrical anhydride was prepared as

fol | ows: - FnocAheHregiograg driedmipiepadigbssweisni nipcwnessnge) of he

sol ution was cnohg%guq‘a[t%r-rﬂoﬁndzdi KoErPhexyTne Cambaditi b fle va10: BB%ked.
i t

1.65 mmol) in 10 ),. The cloudy m xture was stirred for 20 mm ét
[err], the preb®fit® ‘%9(2 Bpgllﬁi'cﬂﬁttﬁf'é%ﬁlﬁi’r ely aglno pgifyeRpalygis,
filtration andafberfiljdeéEysbs deNCENt rRCEd imndevacuated and sealed

tubes for 24 hours.

U ~ FmocVal-Resin (1.1 g) was washed with water (4 times,
2 mn each) and the Fmoc group was cleaved using 10%
piperidine or diethylamine in water (2 timés,l 2 mn
each). The fesin.was then washed with isopropanol (2

_times, 2 mn each) and with water (4 timeé, 2 mn each).

Symmetrical anhydride of FmocGlyOH in DMF (15 ml) was
3 added to the 'support. The solution of symmetrical
anhydride was prepared as follows: | |

FmocGlyOH'(0;981 g, 3.3 mmol) was dissolved in DCM (15

ml), the solution was cooled to 0°C and dicyclohexyl-

_carbodiimide (0.339 g, 1.65 mmol) in DCM- (10 ml).
The cloudy mixture was stirred for 20 mn at O0°C, the

precipitate of dicyclohexylurea was removed by

filtration and the filtrate was 'concéntrated “under

vacuum at room Itemperatufe. The oily residue was

dissolved in DMF (15 ml) and the solution was added to

the resin. The mixture was shaken at room temperature

for 45 mn; at this time the qualitative ninhydrin test

~of Kaiser et al. (Anal. Biochm. 1970 34, 575) was
. negative. The DMF was removed by filtration and the
support was washed with DMF (2 times, 2 mn each) and

then with water (6 times, 2 mn each). |



vacuum at
(15 M) and

at,.roomtenperature for 45 mm,

off Kai ser

room tenperature. ' The oily “residue 'was dissolved in DV .
the solution was added to the resin. The m-xture was shaken

et al. (Anal. Biochm 1970 34, ' 575) was negati ve.

The

at- this tine the qualltat4ve ni nhydrin test

DVF was removed by filtration and the support was washed with DVF (R mes,
and then with water (6 tinmed3-2 mm each). -13- This pretocol ,

2 T each)
was used
symetrica

of FnocLeuOfAhdsd propogol 3. wasmwised ofoFnbrgpridrate Ather £p

of the sy
|sopropanol

to.incorporate the follow ng amno acids: Leu and Al a.

The

anhydride were prepared starting from 1.16 gl (3.3 mol)
(o)

each), wat er (4 times, 2 _mm .each)

Wongletion
Qb'éiﬁ%' %ena,éd'se E’éﬁt 'aQﬁrfﬁibn adgygt s mtﬂ’ﬁ%ﬂe‘janl‘whpmed

. |sopropanol”ﬁﬁ@erPF?Bageﬂ (at@rﬁégs 2fRAMeadi) 6 P8pt (de3r eBMAldasOfhen -

suspended i FmogRuUOPENG WaAler @ 0¢B03 amdll. b m]@emablaoH wgreeadﬂed
SoconpiStiofl o rHE  SyBReEte] mine® pebpidSFesin' "

Leu- Al a- G yadductwawasol washed with timopsopposl (Mbsitedhes,t h 2nvamar (4

SRR, ERLICTY, e, 1% et é%*ﬁzc%?iﬁgﬁ?@%ﬁglzﬁ R v

The m xture
I sopropanol -

times, 2 m
each). Th
the solutio
The residue

r(70\m:3§) (d'ortcémsr,atZe@n eﬁr@d@r- . vacuum

roomtenperat ure

was purlfled by HPLC on " a colunn (250. X 20 mm) of Lichrosorb

RP 18 (10 [err]) using TFA 0.1% in water and acetonitrile as_eluants.

ptide-resin was then suspended in 1sopropanol -water '
(70-30) and 1.1 ml of 1N NaOH were added. The mixture
was shaken at émbient temperature for 5 hours, the
isopropanoléwater solution containing' the
Leu-Ala-Gly-Val was collected and the support washed
with water (4 times, 2 mn each), methanol (4 times, 2
mn éach)'and_water;(H times, 2 mn each). The filtrates
were pooled, the pH was brought to 4 with 1N HC1, the
solution was concentrated uhder vacuum at room
temperature. The residue was purified by HPLC on a
column (250 X 20 mm) of Lichrosorb RP 18 (10 um) using
TFA.0.1% in water and acetonitrile as eluants.

Yield: 5U4% (based on the starting amino groups of the

support).

Amino acid analysis: Leu 1.02 (1), Ala 0.99 (1), Gly
1.1 (1), Val 1.0 (1).

The same method was used for ‘the synthesis 'of"the

- following peptides:

- Dorman peptide: Leu Ala Gly ValOH
yield = 46.6%
Gly = 0.93, Ala = 0.91, Val = 1.01, Leu = 1.

- Laminine:. Tyr Ile Gly Ser. ArgNH
yield = 46.3%

2

»




“Yield: 54% (based on the starting am no groups of the support). Am no acid
analysis: Leu 1.02 (1), Ala 0.99 (1), dy 1.1 (1), VvVal 1.0 (1). The
same ; method was use€d for the .synthesis of the follow ng peptides:

‘Dor e peptlde Leu Ala Ay ValOHyield 46.6%dy = 0.93, Ala = 0.91, Va
= 1.01,  teu 1. Laminine: Tyr Ile Ay Sefylerr] yield 46.3% Ser =

+0. 79, GE?-: 1.01, Ile 0.96, Tyr 0.89, Arg 0.93. CDC 28 kinase protein
fromthe cellular cycle of "Ponbee" yeast- yield = 48.6% (crude peptide) Tyr
Lys Ala Leu Asp Leu ArerPro 0’375&)40%{3 = 0.(917, Oy = 0.05, Ayxr =098, Leu

1.02 x 2, Tyr = O. 98 Arg_ Lys = 1, -Pro 0.97. Tyrosine :

phosphat ase yield = %ﬁ@ q peptlde) Cys Ser Asp Ser G u Lys Leu Asn

Leu Asp Ser |l eCH Asp 0. 99 x 3, Ser 0.63 x 3, Gu 0.73, Ile = 1.03,

~Leu = 1. Oncogene: PheClﬁf 92663%' eLEPoﬁéQnYE‘?BQ th@gc@f/ﬁlﬂ@r TyeldVgr= 2 X

1.04, dy 1, Thr |

o _ "Pombee" yeast

yield = 48.6% (crude peptide)

 Tyr Lys Ala Leu Asp Leu Arg Pro GlyOH

Asp = 0.97, Gly = 1.02, Ala = 0.98, Leu = 1.02

'x 2, Tyr = 0.98, Arg = 0.96, Lys = 1, Pro =
0.97. ' ' ' '

- _ Tyrosine phosphatase
' yield = 61.6% (crude peptide)
Cys Ser Asp Ser Glu Lys Leu Asn Leu Asp Ser
IleOH B '
Asp =_d.99'x 3, Ser = 0.63 x 3, Glu = 0.73, Ile
= 1.03, Leu = 1. '

- Oncogene: Phe Arg Gly Thr Leu Arg

yield = 49.2%
Phe = 1, Arg = 2 x 1.0‘4, Gly = 1, Thr = 0.96,
Leu = 0.98. ' '



Leu = 0. 98. | CLAINB; 1. A nethod'for solid phase peptide synthesis,

t he met hod conprising attaching a first amno acid residue to a polyacrylic

. resin, coupling one or nore further amno acid residues to formthe desired
_peptlde and detaching the peptide fromthe resin, characterised in that

t he coupling protocol includes steps of washing the resin in water G or

aqueous sol ution(s). 2. A rmethod -aokdrding to claim 1 whereifi-the

pol yacrylic icgaifmMg:S a copolyner of three nononers as follows: (i) a first

nononer whi clTprovides a patrix far, the copol yner, and is .one, of E

1- (et h) acr yHoyl - gy rPotred nEor1 sqlid nPhres| BePLIAse St thesis, the

1- (et h) acr y methofde icloyprdadeg .t abhiinef ) afimsd toyamiinoeabydl - pepedazi ne,
4- (neth)acryl | - mpr phol.in th t h) acryl am

RN ethyl - U 1 aBP SV ERFHE el AT e S T BT A r S0 SPE RS e

copol yrner andmmoorﬁcxd Nesmuedl (tret fipaor yhey | ddisamedomtpicite anddN, N

-di (et h) acr WeQyle }f.m%edt e, £2B (4hd) bdil [ dcHRRQREE1TeE"

activates the copoly and IS one o | owi ng_‘aci

2- (et h) acr yani ddadcettihe aﬁqypliqgnﬂﬂﬂQRﬁﬁﬂknn%Rﬂkﬁéﬁﬁonﬁéeaéld°f

"washing the resin in water and/or aqueous solution(s).

2. A method according to «claim 1 wherein the"
polyacryllc resin is a copolymer of three monomers as
follows.' _ : N
”(1) a first monomer ‘which prov1des a matrlx for the
copolymer and is one of
l-(meth)acryloyl-pyrrolidine,
1-(meth)acryloyl-piperidine,
l-(meth)acryloyl-perhydroazepine, -
1-(meth)acryloyl-4-methyl-piperazine,
4-(meth)acryloyl-morpholine,
N,N-dimethyl-(meth)acrylamide and
N,N-diethyl-(meth)acrylamide
(ii) A second monomer which crosslinks the copolymer
and is one'of _ '
_N,N'—di(mefh)acryloyl—diaminomethane and _
_ NJN'—di(meth)acryloyl-l}2—diamihoethane, and ’
(iii) a third monomer which activates the copolymer
 and is one of the following acids
2-(meth)acrylamido-acetic acid,
3—(meth)acrylamido-propionic acid,
4-(meth)acrylamido-butyric aciq,
6-(meth)acrylamido~hexanoic acid,
N-(meth)acryloyl-L-alanine,
N-(meth)acryloyl-L-valine,
N-(meth)acryloyl-L-leucine,
N-(meth)acryloyl-L-phenylalanine,,
N-(meth)acryloyl-L-tyrosine,

* c' L LB S *




-4'(neth)acrylanido-butyric acid, 6-(neth)acry|anido-hexandic aci d,
N- (et h) acryl oyl - L-al anine, N-(neth)acryl oyl -L-valine,
N- (gt h) acryl oyl - L-1 euci ne; N-(meth)acryl oyl -L-phenyl al ani ne, ,

" N- (et h) acryl oyl - L=t yrosi ne, -16- N (neth)acryl oyl -L- et hi oni ne,
N- (et h)acryl oyl -L-1ysine, and N- (et h) aébyl oyl -L-proline or is a nethyl
ester -one .of - those acids. 3. A nmethod according to claim 1

wherein the pol yacrylic r S|n copol ner according to claim 2 whi ch
has been amidified ﬂnkﬂeﬁ?ﬁ t°ﬂfah1 %t %oning, npt hod according to- any

precedlng claim lm-tmwbhbacfﬁboy& p&byetﬁengagdoup used in the amno acid
coupling is Boc an Lin ocol 1. - vashlng : distilled water

- 2to 4 tines, ﬁ%tgﬁﬁﬁgygcry%%g; #e%fo ng Hd (6N) in ﬁater - once, 2

m and once agaln GO isnatmethpl-edtiehi of ondi efi thedewacdds. 4 to 6
times, 2 mm each; 4.- Neutralization : 1 equivalent of borate buffer 12.5
nmnvi pH 8.5-9.0 - once' 1to 2 m and once again, 1 to 2 m; 5.- Washing:
‘distilled wate¥- -4 Ao Bethads, accogdingn dech:claim 1  wherein the

- polyacrylic resin is a copolymer according to cla1m 2
which has been am1d1f1ed with ethylene diamine.

4. A method according to any 'precediné. claim'-in
" which the N~ protecting group used in the amino acid
N coupling is Boc and the coupling protocol is:
l.- Washihg : distilled water - 2 to 4 .times,
2 mn each; '

.2.4 Deprotection : HC1l (6N) in water - once,

2 mn and once again, 30 minutes;

3.- Washing : distilled water - 4 to 6 times,
2 mn each; '

4.- Neutralization : 1 equivalent of borate
buffer 12.5 mM PH 8.5-9.0 - once, 1 to 2 mn

 ' .+ and once a aln 1l to 2 mn;
v/ -. | d . -

5.- Washing : distilled water'—'4 to 6 times,
1 to 2 mn each; '

6.- Washing : DMF - twice, 1 to 2 mn each;

7.- Coupling: symmetrical anhydride (2
equivalents, twice. in DMF)

8.- Washing : DMF or NMP - twice, 2 mn each;
and ' o

9.- Washing : distilled water - 4 times, 2 mn

| [




.6.- Washing : DVWF - twice, 1 to 2 m each; .7.-- Coupling: symmretrical
anhydride (2 equivalents, twice in DMF) 8.- Washing : DMF or NWP - twice,
'm gach; and 9.- Washing : distilled water - 4 times, 2'm each.. -17- 5.
A net hod accordrng to any of clains 1 to_3 in which the N-protecting group
used in the amno acid coupling is Frocldnd the coupling protocol is
Washing : distilled mater - 4to 6 tines, 2 M each; 2.- Deprotectlonxn

i’ cach: a1 St11 1 odh WBEEPSE e St AN MRS PP, LSS 2

DVF - oncewhiah; the- Nepurpltrermglngsygrmmpr asadhyini dhe 3amim§s agidexcess

|n DVF) and led water - 6
times, 2 -mMm 230 55 J@éﬁ%ﬁSLéﬁé éﬁdggfﬁgtgf%éééé%ng her ei n mnth
reference to e|thel-anQ$kA@§ahp¢e%tllled water -~ 4 to 6 times,

2 mn each;

2.- Deprotection : piperidine or diethylamine s
- in water; - '

3.~ Washing : isopropanol, twiee, 2 mn each;
distilled water - 4 to 6 times, 2 mn each;

2

ey

L

4.- Optionally washing : DMF - once, 2 ‘mn; '
5.~ Coupling : symmetric anhydride (3 times
in excess in DMF) and '
6.- Washing : DMF (twice, 2 mn each); distilled
water - 6 times, 2 mn each.
6. A method substantially as described herein with
reference to either of the Examples. '
H
(W

R



