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SELECTI VE ACYLATION OF [err]-AM NO GROUPS - The present

i nventi oo o4/e88e3 to the acyl ation of 5 protei ns. l\/bre par t persysiig72t he

i nvention relates to a one- - step process for selectively=-acylating the
[err]-am no group of proinsulin, insulin or an insulin analog in the
presence. of a free a-am no group. 10 The acyl ati on of

am no groups is one of the nost comon neans enpl oyed for chemcally
nmodi fyi ng proteins. SENEcPTvEeA dodsr fiN asy | alaMaiorigRotels forth in

Met hods of Enzynol ogy, 25: 494-499 (1972) and include the use of
activated esters, acid halides, or acid anhydrides. The use 15 of activated
esters, in particular N-hydroxysucm ni m de esters of. fatty acids is a

particul arly advant ageth® PRRsRRbfinventign #elared Medhdnay abiemiath a
f?t tly acgd. é:x@ﬂéi(?is et More @arﬁlkul%fr]clbl PictheRenvedt ibh2 rt4atet96d) a bﬁlé'z-gm
et a | r ugein s a
their-use i n%ﬁi’e p%%gt&%fsaﬁogﬁ%{)eﬁ. Q’Iq"%la)\l- %q_a‘{{é}% %ﬁ_e EM?PS &§S&E és}grl ne,
and N-| aur oprdirghuliiay dretildn or an insulin ahaloy S’quthes prleseflcecbifveal y

acyi ating t*ﬁe%“f‘%&fo %&{%5 (1i nsulin are described in Lindsay et al.,

Bi ochem 971). Lindsay et al., describe 25 the
react ivity of insulin with N-succinim dyl acetate at |ow reagent
concentgagtion and near r eyl | d
product%61 PheBl - acet yl?fﬂ%%ﬁefiatpﬁﬁcgf - (%:I‘Ye?syl I NSu r&%tg

t he anpunt cfommMBImeans \employgdfigy m:lyﬁrr@m,iéar mdllcfmmgdp@rmems
LysB29- acet erid¥sll ik tiHodd EF ?afbyl@’tq@iﬁ%d‘e sEUForkinndsauethodls. ofconcl ude

g[ycr:):_lng(,il ;wgﬂ-% r?gm 92‘§'tL ‘ﬁ(%%d) and include theguge of
G yci ne(AI )%Eftﬁzﬂzéltﬁcﬁmsftﬁeﬂe’s%&(ﬁ%@hdéﬂ or acid anhydridésndsghectusal .
.S, PRLent o S0 Alled) SE05 UIE porr BCH At iRl Ll Bl g ot d i
Al- and/or esters of fatty ac1ds is a particularly advantageous means of
acylating a free amino acid with a fatty acid. Lapidot et
1., J, of Lipid Res, 8: 142-145 (1967). Lapidot et al.
describe the preparation of Nthdroxysuccinimide esters and
20 their use in the preparation of N-lauroyl- glyc1ne, N- lauroyl—
L-serine, and N-lauroyl-L-glutamic acid.

Early studies of selectively acylating the amino
groups of insulin are described in Lindsay et al., in
Biochem., J. 121: 737-745 (1971). Lindsay et al., describe

25 the reactivity of insulin with N-succinimidyl acetate at low
reagent concentration and near neutral pH as producing two
mono-substituted products, PheBl—acetyl-insulin and GlyAl-
acetyl insulin. At pH 8.5, the amount of PheBl-acetyl
insulin produced is lowered and LysBz9—acetyl-insulin is also

30 produced. Thus, Lindsay et al., conclude at pH 6.9 the order

~ of reactivity is Glycine(Al)=Phenylalanine(Bl)>>Lysine (B29)
and at pH 8.5 Glycine(Al)>Phenylalanine=Lysine(B29). Id.

Lindsay et al., U.S. Patent 3,869,437, disclose the
acylation of the Bl amino acid with an acyl group containing

35 up to seven carbons and optionally blocking the al- and/or
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-2- ' B29-am no group with an acyl group with up to four carbons.

N- hy d{a5967i4ggs Ni M de esters are described as particul arl sgP,}ggﬁnt ageous
acylating agents. In order to produce the maxi mum yiﬁg.révo Insulin
acylated at the Bl-amno group, the 5 _proportion of acylating agent is ,
relatively |l ow (one to not more Than"two nol ar equi val ents of acylating
agent). In addi ti-on, the maxi mnumyield of nono-substituted Bl product

i s Pl ey o, Tov 8 B the *
yield oPéthe esc?lrge @i%t?a?g?é&%%ué)ﬁﬁ%hﬁg mléo%og'b%\%%ébﬁ'y in
favor ofNduixeafeuceypiride erers FRidessribed a8 pantigpgarly

D. G Smyidvanthadbcus @éﬁﬁtfﬁd@%&% androreddeetto produce ithd). S, patent
3,868, 357 dj scl ose acyl ated,, O- - supst i ;’#ﬁed 1 nsul in derivatives in
whi ch atMEHEm grtel Ahelnsulip agyilafiegAr fhe P a @M FPWR ode i s
convert gsropbrr fon of M@ekerhi g agert oly . re Janei vely Aldwn(drfe QY Iricdd out

with a rel.atively snpll excess, of. acylating agent, e.gd., from?2 to 3 |
ol B pdronts v G BETeE SR e g ot ST AR o . TP 2 10
The r eacadadit oo s maxmmry Yngld ycbﬁlmbmb-tsuhémitaﬂ:ed ®haraiucf e
g"S“b.s%zté‘&ﬁge&'eéér"é‘t%ﬁeaieéf'ﬁéé&g 50 14 7. i@ﬁ!é’ﬂs 4o I Al - and

1- am groups. I'n the presence pof cess acylating agent, 'e.g., up
to 10 nothe yiekd refictherdesired ey baked ipredust afakke @&20- anino group
L0 hQr M ibgsiderdbly SURSEaTL g@lf deddyeion$l @bstitution at! pofieddaely

acyl ate |fsulln,2 rani shi ~and Kiso, - I n Japanese Patent "Application
1- 254, 699, ﬂ‘ilgcl?ose a five- . step synthesis for preparing fatty acid '
insulin derivativep.g. smptRp @ACU.BNepaebhvadededplty anddsmptret s
b ot howL 50 TBc Sy Paer oS08t { Bl et MaReBr e b B rcul i n phe i s
react ed sabstibetédtiysarin dstivarBrep fnmwhicheatcldadecone of thein is
depgt ecied: pand 20 Lhveo 108q2Gyl ALl bsl 1 conyd Sl ol Hed, and
puritied.” Mst notably, Sélecilive acylatilo ~oof oné am no-group is only
achi evedbbgcked ngmine gndupi ocRhegacplagiompis ccgroiedtouthevidtthe ani no
groups. riBiPgvély Ssmall excess of acylating agent, e.g., from 2 to 3
moles per amino group at a_neutrai or mildly aikaline pH,'
e.g., 7-8. The reaction proceeds in very high yield with the
20 formation of the diFsubstituted dérivative resulting from the
reaction pf the al- and Bl- amino Qroups. In the presence of
excess acylating agent, e.g., up to 10 molar, the reaction
proceeds additionaily_at_the B29- amino group to form the
_ tri-substituted derivative. ' |
25 To selectively acylate insulin, Muranishi and Kiso,
in Japanese Patent Application_i—254;699, disclose a five-
step synthesis for préparing'fatty_acid insulin derivatives.
Step one, the actiVated'fatty acid_eSter is prepéred; Step
" two, the amino groups of insulin are_prdtected with p-methoxy
30 benzoxy carbonylazide (pMZ); Step three, the'insulin-pMZ is
' reacted with the fatty acid ester; Stepifour} the acylated.
insulin is deprotected{ and Step five, the acylated insulin
is isolated and purified} Most notably, selective acylation
of one amino group is only achieved by uéing the pM2 blécking
35 group to protect the other amino groups. Using this
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-3- - met hodol ogy, Mirani shi and.Ki so prepare the fol | owi ng

conpoundgw ﬁ &99-pal mtoyl insulin (the [err]-am no grpgfusssiesr2
acyl ated), - PheBl-pal mtoyl insulin (the N term nal a-amno group of the

B chain is acylated), and 5 PheBl,LysBZQ-3deaIn1toy| insulin (both the
[err]-am no and the N- termnal a -am™no group are acylated).

Simlarly, Hashinoto et al., .in Pharnmaceuti cal ‘Research 6: 171-176
(1989), teaﬁbthoﬁ@&bg?teNuSﬁﬁ&hhilanﬂOKlso ppepanei bge NEpBLowingy! insulin.
The synthesis |ncI des 10B29E0%i0 and de§OR ting the N-termnal

Al-gl ycine &REP PH@ LY& TR ubn 9 F§ €ine, with pMz. Under the
condi ti ons &-amipgcgrevd if asvlaee )ren@ée viea ke oy hoinsu kin ptetridts are

prepared, BlzFRAfalRabilahlto gtk BfalﬂﬂeBbBéﬁa@hp%”hEi?Ylated) ' aﬁal in. 15
Therefore present .invention sel ective ac ti.on of

riqn
the B29-N eE’PF arrPN&ggr@ouﬂlé’PlF‘I%BV lﬂék‘hn %E‘QF]FH Eﬁeo%'fa‘b’gp?)r%l‘gcrtr}%d“ “and
subsequent | ):emhgu,ewfmﬁdslegﬁoup ar@adol Haps . The

present invention provid a selectlve one ste 20 t hesi's fqQr acylating
the [err]-anino group 0 i;%£%¥§nﬂﬁ? imotq &4,5 ﬁﬁéﬁmﬂ$ﬁgﬁépégs. It is
qui te surpr Reise@richate :t NF1- 176|HQGBBDonteachbhefbﬁrseteptEyﬁtheeislabﬁ t he
[err]-am no gro n.one ste Qcess_[n hi Thu

vent pon - Prepating, Nepaind W] Shshiofect ThRaSkObEEGEnirg IR ot ot 25
ot her amnd no pgotwes itk el depireitectifige thevErtieeninatvadeglycingvand the

efficient apdsmeas SI-BEBSbfeB”aT?sPﬁe,ﬁ)_r@Péﬁ'ﬁﬁz[erﬁidé‘f” tie con&f&’i@r‘i@d

[ nsul in derivatives resent 1 nvention provi des a
process of S@scydbedt iiveltheag@feriengenr @msutann;r agyleked productasaren

anal og havi E)Qeiﬁ R [p %r@?&‘inﬁﬁ:@% q uia..i]hr QﬁdaBa%BQ-EEBHRm\:}Mt%Pg th a

fatty acid, mhl conprises reéacting the |err|-amno group
sol ubl e actﬂ@ﬁ%@difatty acid ester under basic conditions in a polar

sol vent1535 ' Therefore, prior to the present invention, the
selective acylation of the B29-N€-amino group of insulin was
carried out by protecting and subsequently deprotecting the «
-amino groups.
The present invention provides a selective one-step
20 synthesis for acylating the &-amino group of proinsulin,

insulin and insulin analogs. It is quite surprising that the
invention is able to selectively acylate the €-amino group in
an one step process in high yield. Thus, the invention
eliminates the need to protect and subsequently deprotect

25 other amino groups of the protein. The invention provides
more efficient and less expensive means of preparing €-amino

acylated insulin derivatives.

The present invention provides e process of
30 selectively acylating proiﬁsulin, insulin, or an insulin
analog having a free &~amino group and a free a-amino group
with a fatty acid, which comprises reacting the g-amino group
with a soluble activated fatty acid ester under basic

conditions in a polar solvent.
35 '
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-4-

above,

All am no acid abbreviations used in this

the present invention provides a 5 highly selective, one step

di scl t hose accepted by the United States Pate : Tr ademar k
of 1 oS o' ni 37 G F R 1.822(B)(2). wg‘sﬂé”’ﬁot ed

acylation of the [err]-amino group of 4 = proinsulin, insulin or an .insulin

anal og. The invention

the [err]-am no AlﬂrQHBnBVQEi&thBféGiQQ%&ﬁ%U\E’éed Sy, the

nono- acyl at ed a-amno group i S produce

ess than 5% yield. 10

speci fies conditions that preferentially acylate

o

The ter ALSHFYTE aRe JhPFhAETePIRANY HhmPnited Ehates Rasent @d in, or
beef i nsptddemd16 W fidOSSLSERS forth eSS e al NP WrePIEs) (2) .

B1- Phenyl al ani ne, Al-Cizcjne and
positions Al and B}SaR®

B2
ed abg¥e nothP cRpESeih el RYSRE LR R QY

9-Lysipe.:- The free a 'nodgroups at
{Eﬁﬁ position

B29 Bbs drighly [seldctiNeo epegtep acylation of theTlgeamdnm Ypoopnedl i n" as

used herein,is roperly. cross-linked protein of t.he faor.mula: 20
B- C- Woj'ns'ﬁ\ﬁg?'ei _éui’:..n or an :Lnsu.f;g.rf sar?aréoqq cﬁ%ﬁ Jtﬂ‘ve]rﬂ:%q n or a

functi orspecifigrreenditions shay .preferentially aqylare (fhegecpminoof

i nsul i n gFowp fawer | i@l a2midlergrahpy e thenepdl

Vi i afbd®ddyvREdD gr oup;

and ) Cis the connectin epti de of roj nsulin.
Pref er afFAMHRRY] FENP ri§ PYALUGER IR nESFS Helkem i?isﬁ’r?i#‘the 5 chain of

humgg insulin, and Cis the natural connecting - pepti de. When proinsulin

I s the natural sequence,BBroLnsulin 30 possesses three free am no groups:

B1- Phenyl al ani ne (&B€ntf "1n§P$$BY,aEBHSEQSPﬁEe%?em?fn%wﬁ¥mﬁﬁroup) and

B29- Lysifiies 18 ) |pcik hnsuli®) oshP)beef insulin. TInsulin possesses

15

.20

25

30

35

three free amino groups: Bl-Phenylalanine, Al-Glycine, and
B29-Lysine. The free amino groups at positions Al and Bl are
o-amino groups. The free amino group at position B29 is an
€-amino group.

The term “proinsulin® as used herein is a properly

cross-linked protein of the formula: '
' B-C-2a-

wherein: _
' A is the A chain of insulin or a functional
derivative thereof;

B is the B chain of insulin or a functional
derivative thereof having an €-amino group; and

C is the connecting peptide of proinsulin.
Preferably, proinsulin is the A chain of human insulin, the B
chain of human insulin, and C is the natural connecting
peptide. When proinsulin is the natural seguence, proinsulin

possesses three free amino groups: Bl-Phenylalanine (o~amino

group), Cf4-Lysine (e-amino group) and B29-Lysine (e-amino

group) .

The term “insulin analog® as used herein is'a
properly cross-linked protein of the formula: '



The term"insulin anal og" as used herein is a 35 properly cross-1linked |

protein of the fornul a: - WD 96/ 15803 :

PCT/ USO5/ wiPaeh - 5- :

A- B V\herles?.sﬁ A is a functional derivat ip\g,% 5Itl‘t‘?e’z
insulin A chain; and 5 -~ Bis a functional derivative of the
i nsulin B chain having an [err]-amn no %rbup. Preferred
i nsulin anal ogs include insulin wherein: L the amino acid
residue at position B28 is Asp, Lys, 10 alew Val, or Ala;

the am no acid residue at position B29 is Lys or Pro;:

the anino ad®%% due at position B10 is His or Asp; 15

the am no acid residuerats ppsfunonidiial sdétevaisye of the ideheliad ml one or
i n conbi nat i Wt del etion of the  residue at position B2;

the am no accﬁ'%l\r%e'si%&lahe at position B30 is Thr, Ala, or deleted; and 20
the ami nd aci d residueBais pasfunoni@eal sdseivagive ofisghe insykioviBlethaimt
ei ther posi tHAm R &rPle-Bd nbS gbep. _ _ I n standard bi ochem cal
ternms knowmn to the 25 ordinarily skilled artisan the preferred insulin
anal ogs are LysB28Pr oB29- human insulin (B28 is Lys; B29 is Pro);

ASpB28- _human i nsup}-@réB2Ed | SnéSPin PRGBS U hdla1 HE GRS S84
human i nsulin, AspBl1O human jnsulin, Ar Ag} human i nsuj i n, 8

AspBL, G uB13- hunan i nsHR nAmiRQ p3@id hﬁ%%h We st iPl‘?S’d"e%?lB%% D X9 ASRindhiY'S.
I nsul i npjoand,&d ,y Agl: hwwrlawsul i n.

the amino acid residue at position B29 isg Lys or
Pro;

the amino acid residue at pdsition Bl0 is His or
Asp; '

15 the amino acid residue at position Bl is Phe, Asp,
or deleted alone or in combination with a deletion of the
residue at position B2; | _

the amino acid residue at position B30 is Thr, ala,
or deleted; and . '

20 ' the amino acid residue at position B9 is Ser or
Asp: _ :
provided that either position B28 or B29 is Lys.

In standard biochemical terms known to the
25 ordinarily skilled artisan the preferred insulin analogs are
LysB28proB29_human insulin (B28 is Lys; B29 is Pro); AspB28-
human insulin (B28 is Asp); AspBl-human insulin, ArgB31,6B32.
human insulin, AspBlo-human insulin, ArgAO-human insulin,
aspBl,GluBl3-human insulin, AlaB26-human insulin, des(B30)-
30 human insulin, and GlyAzl-human insulin.

The term "acylating® means the introduction of one
or more acyl groups covalently bonded to the free amino
groups of the protein.



The term "acyl ati ng" nmeans the introduction of one or nore acyl groups -
coval ently bonded to the free am no gr oups of the protein. WO
99/ 15 PCT/ US95/

- 6- Werserisns The term "sel ective acyl ation" means ‘f‘g@gg”“““_”
preferential acylation of the [err]-amino group(s) over the a- .am no
groups. GCenerally, selective acylati onéraesults in a rati o of the anount
of nono-acyl ated [err]-am no group product to 5 nono-acylated [err]-am no

group product gr eai*ﬁé tban aQQM célve acfigifzféﬁblﬁ(eaﬁ e\:ﬁét'o is greater
t han about

The ter ®® ?é?’f?ﬁqéjc?gs)a%ﬁ?&l fu&&?eed' Sino g e agtsargt&?f Q(‘%‘ecff fatty
ggieﬁ aI{"&niz% ngr g;\s;ﬁs vateshépdl écil?éétﬁﬁé eicy I@@hﬂ:gn adailves agl daovvhi ch has
!Enzyrml olt]y, (SSO E5Rd %rﬁo%g‘g ‘?Ei & é]éé}{é% %te%ﬂ{lh% gronlﬁ)wg’&%%%f ftod Res.

5 14@&@5’:\@@@6}6 ohampnefgrovn predycticyreater thanrabeut ahd

includ 4 t | i d
(Cio) . HERTARaTe the i E GERle) RGP g sy ©

pr ef eram:;efer@bhatmyeatend thapadlpdut cSGci d. Activated fatty acid
ester includes der:rﬁgt t}éfﬁt QEaﬂgﬁnE\ﬁld" meéﬂ&h a§a@%£’£€é?b8€_20”' azi de

(HOBT), N-hydrox sucm nim de | vatives thereo he preferred
act i vat eengRtErated \E6 /2t uERERY e - paTlh?t"a?"é“ activated fattyrhe term

"sohigbl egciddés@ées rﬁ@é’ﬁsaasﬂétf_tﬁ'%id whiGHTHEY E@e&%@fn}&&i qsPifgin the
I|qU|dphas ac lnS“nm%M uI|n

Pr ef er ab¥ §2 ’é’%gu?e%hnlqu?% gfeﬁﬁ%l}?e‘g ' per m)I.
of i nsul4914-259§1r €192} hmdillqalpddq»tlaee al., in ,L_&L_L;ﬂﬂ’_&ﬂm_&:baSI c
condi ti ons. = U rein refer basicity of he reaction. The
react i onf%éfi%e?fgs%]garr Yl %ﬁ?fﬁfﬁdaﬁtr%eacﬂ T %#ﬁ &a nd’

subst antintlyde myxepebeonaidd(Cla) arpenadecy bt varitd ofcjssa)m aqueous

sol'y &%ﬂt | PRLMLKLLM 8183856 FONHEDEABECPERR LI [CPF] L | e il oot

reater t non- aqueous organjc sol vent
C18). Most preferably, the fatty acid is palmitic acid.

a

Activated fatty acid ester includes derivatives of agents
such as hydroxybenzotriazide (HOBT), N-hydroxysuccinimide and
derivatives thereof. The preferred activated ester is N-

20 succinimidyl palmitate.

The term "soluble* indicates that a sufficient
amount of ester is preéent in the liquid phase to acylate the
insulin, insulin analog or proinsulin. Preferably, about 1
to 4 molar equivalents of activated ester per mole of insulin

25 are in the liquid phase.

The term "basic conditions® as used herein refers
to the basicity of the reaction. The reaction must be
carried out with all the free amino groups substantially
déprotOnated. In an aqueous solvent or semi-aqueous solvent

30 mixture, basic conditions means the reaction is carried out
at a pH gréater than 9.0. In a non-agueous organic solvent,
the reaction is carried out in the presence of a base with
basicity equivalent to a pKy greater than or equal to 10.75

in water.



the reaction is carried out in the presence of a base with basicity
equi valent to a pKa greater than or equal to 10.75 I n water.

WO 96/ 158 PCT/USQS&Qﬁ?E

-7- %9“15803 The term "cross-1ink" neans the formation Sosi14s72

di sul fi de bonds between cysteine resi due_s.7_ A properly cross- | i nked
proinsulin, insulin or insulin anal og contains three di sul fide bridges.
The first disulfide bridge is formed 5 between the cysteine residues at
positions 6 and 11 of 7pHee thrm *crdwLinkre md;hﬁ Sirimadtd o iogge | i nks
t he cystei nai r.gsi g)u a%ﬁgosmlon of the A-chain to_the C¥St€l ne at
position 7 GisutEigepongs YERTY §YGCEIPE & 8359}185(9 | fnREOPET Y hEross=
cysteine at limxiekd @moiﬁsuﬂlmhe iAswildnn oo inlseldins teRAegatofhBaipssthiea 19
of the B-ch B LN Nn: .0 IIedln
t he art%éeuégﬁpﬁe rld ateg%%h%l?g% Pl%%?%gderﬁgghgg %ﬁ @Srﬁéa

prot ectihg @e@wennt@ermtew@prgﬁrmm at mlsaﬁll@ns énénd 11Kp§othe A-

“ Japanese Paigpnli nApp &ats'e%'%nli' %ﬁ‘éu@%%dedb%ﬁ’h%el.a..ni:bV%heléﬁaEEﬁﬁesynt hesi s

for preparing acylated insulin derivatives kew se shinmoto et al.
in Phar maced@sdgueRedsapofigion 7 pf1 thes A-ChadN tocBR SYFEELNSt 8p

synthesi s f gosArgea iMaNthe B-RMaTint.0ylTHentulird. dieuichiget brelyeatyhrie

the insulin, both r ef rence steach t se_of .the rotectin group.
20 CheT Y ST aY RABTESR oo dte 0o RPaP CiopPa custeiies
proi nsuldn, possidiion 19r dfns:]de' rB-ar]rﬂmng in a high yield, one step

synt hesi s. - The reaﬁl%@&;@éﬁet ARG Nl i1 fa;av'@fed

proteins wthout the usé am _n ectTn F'ou e SSeyatitsn is
carried out 5'53}'- Sl @Gty ey é&MJ\Pé'-te@d they @yaﬁ‘snoa@FGUEs%rtﬂFt%S? hef a
[err]-am no t; Rasgd I ti p r

sol vent . ftgﬁ fﬂ %cﬁgﬁli onspC synth%%'l%r eeﬁg%ahgsgrloggg are

not deprotoﬁ‘d{% Japaam#%ﬁ@rﬁemtcmlé@;ﬂtdﬂrbﬁ-@ﬁ% &N ddsmilege antaye-
groups 15 I¥ey t@nﬂuzesalrs FHIe P RN a1 aTd THEHAGHS d%%\/raa&vée

grgnr )é;;J(ra(ra thaﬁ‘lg‘ candl t| JTe nZﬁEice?e]{;‘(ra:Ct | gg .S carri. edlog ﬁ nge
exceedi ng 127~ ]t'7|‘83 (ﬂf989‘) thﬁa{cﬁﬁ(‘at ifdur step synthesis for preparing N-
' palmitoyl insulin. To selectively acylate the insulin, both
references teach the use of the pMZ protecting group. '
20 “The present invention produces an NEé-acylated
proinsulin, insulin, or insulin analog in a high yield, omne
step synthesis. The reaction permits the preparation of NE-
acylated proteins without the use of amino-protecting groups.
The acylation is carried out by reacting an activated fatty
25 acid ester with the é-amino group of the protéin under basic
conditions in a polar solvent. Under weakly basic
conditions, all the free amino groups are not deprotonated
and significant acylation of the N-terminal amino groups
results. In an aqueous solvent or semi-agueous solvent
30 mixture, basic conditions means the reaction is carried out
at a pH greater than 9.0. Because protein degradation '.
results at a pH range exceeding 12.0, the pH of the reaction
mixture is preferably pH 9.5 to 11.5, and most preferably
10.5. The pH'measurement of the rgaction mixture in a mixed



m xture is preferably pH 9.5 to 11.5, and nost preferably 10.5. The pH

measurenent of the reaction mxture in a m xed WD 96/ 15803 :

PCT/ U and
aqueoﬁa?%%ﬂééﬁt is the pH of the aqueous phase prlorcagaﬁgagﬁg

The data in Table 1 denonstrates the effect of the basicity of the
reaction on the selectivity of the reaBtton. 5 The data presented in Table
1 was generated with human insulin acylated with two nol ar equival ents

N-succi nhph gl c and PaIREEE Csbvels %R CHUIN YRLSF - che aqueous oelte 1 -

Effects of pH on the acylation of Insulin 10

Rel at i vePEHPHINEC P1¥iBAuct Reacti on products "pH 8.2
PH 9.5 pH 10. 27he dduaﬁmnlméblbnl demonstrates the eﬁﬁe@tqéf thg. 5 %
1.6 % . Nonp 4 %

acylated A _and 0.
Mono- acyPaFEat @29‘gllz Le react:.on %n s sel%‘b“zv’%y °f79“6e %eactaé?xg
acyl 8t edThe data presented in(rable 1 wds. g"ez%ratéd? with humaﬁat io of -
ano acy 2 d Al and
LASEFIR ek Eared With vy moRd eqvivaisits WRRGREAT0 o oup
|s depeneebnibatentnpadi ¥ CH3CH/Wake¥ eaction. At a pH greater t han
9.0, the reaction selectlvely acylates the e- 15 amno group of -

B29- | ysi ne. a non-aqueous solvent, the reaction is
carri ed ofebilg dne Eﬁé?éﬁéeoéfp§ B&séhﬁnPﬁYB§§F@Ft9feéG$Vé¥@nt to a
pKaigreater than or equal to 10.75 in water in order to sufficiently
deprotofiate the [err]-am no group(s). [Inat 15, tnhe 20 _base Nust Dbe gt
| east ap strong as triethylanine. ré?eelr‘_"‘é’di‘@? Fuinfa &f product 1 ‘
tetrage n%égu dbheaGdts) - di i soprppygephyl anpneg.or ~  pH 10.2
tetrabu | um hydr oxi de. hel.chal ce o0 olar sol'Jent is
dopendeliuRageinsul i~ - g5.2 &' | 1% & L [P0 % 37
| Mono-acylated A1 and B1 - | 8.1 % 0.3% | 0.4
Mono-acylated B29 - - |- 5.2% | 70.2% | 79.6%
|Bis acylated ] 1l o078 | 16.7 % 17.7 %
Ratio of Mono-acylated B29 to 0.64 234 199
|Mono-acylated Al and Bl | |

Table 1 demonstrates that the acylatlon of the e-amino group

is dependent on the basicity of the’ reactlon At a pH
greater than 9.0, the reaction selectlvely acylates the e-
15 amino group of B29-lysine. _ ' |
In a non-agqueous solvent the reaction is carried
out in the presence of a base with ba51c1ty equlvalent to a
PKa greater than or equal to 10.75 in water in order to
sufficiently deprotonate the €-amino group(s). That is, the
20 base must be at least as strong as triethylamine.
Preferably, the base is tetramethylguanidine (TMG),
diisopropylethylamine, or'tetrébutylammOnium hydroxide.
The choice of polar solvent is dependent largely on
the solubility of the proinsulin;'inéulih, or insulin analog’
25 and the fatty acid ester. Most significantly, the solvent
may be wholly organic. 'Generaliy acceptable.organic solvents



the SO|UbI|Ity of the proinsulin, insulin, or insulin analog 25 and the
fatty acid ester. Most S|gn|f|cantly t he sol vent may be wholly

or'gani c. Qggg,igsby accept abl e organic sol vents WO 96/ g&fibsos14872

PCT/ US95/ 1 9 i ncl ude DMSO

and the |ike. Aqueous solvent and m xtures of aqueous and organic

sol vents are al so operable. The seIeEtPoﬁ of the polar solvents is
limted only by the solubility of the reagents. Preferred solvents and
sofvent 5 SY§ﬁ@DﬁdéfBM£USQDMﬂ\Enda€BéODikél | eacigoudt sslvaretHne mixtures
wat er; ethanolL and water; g¥ %co ol and teré l&£sopr,ﬁ,ﬁ_§/l
alcohol, et h& o?qﬁﬁauﬁa?g? ° h&R enb?oﬁﬁﬂo? SO OREGRARNEST er

Preferably, tétesbioendfishacpbvdartsoleennd is limieed omkt ly eflee ably 50 %
acetonitrile L1 t rt 0, t

sol vents are> a%gﬁl§§£§ 89 tgf PSa&QntQ &93£Q§%8& QQigéhégq%éfr%g%Yéﬁﬂs IS
not critiScal systemeenﬁﬁaDWOv t DME; pacetenitiri hat andavater v ;acerone tandci d
est er bewaeefvléﬁhsﬁe@sandP%QEsfab&§obP§P§fa&1eenois 58 hese out 15
with 1 to 4 nolar equivalents era

equi val ent s, 16?P¥ﬁﬁyésFéF°hP%me9Ehan6ﬁeaéﬂlWﬁéﬁrrnaﬁﬂee%h%n°1 B¥epanol

:eCOgnlfettgahdagat?fy hPQEféEMBL? OEhéC§b16éﬁ? Eét&éetonltfﬁﬁecﬁnd
ri-acyl ate roduct wi uc n-significa

The tenper ai HRESH BABE, BREEPEADLY S0: bcprerEnttrite. rn Rkt HAd & che
carried 1qut artbebukdnrécbgniBedepaeecsther felarusobuents _@ﬂ@ea]ad;éy
conplete in 15 n1ﬁ§tes to 24 hours. After acylation, the

reaction is 888ﬁ3 d: and the product is purified by standard nethods
such as reverse phase The amthydmdpMMa¢reahmamﬁsogsapby.cthéca&fter t he

product i enbegaYgr ed BY BLagdRLAaehlOdsLSUGN: 25a L L8 CEE (0 V.00 Lot or

crystallizati i nsul1 n~anal 0gs can.

be prepab@dlbymah9roﬁxée$§r|ePyeﬁﬁrﬂbéMghhzeéepébLPﬂel%yﬁﬁhéseé Sat _
techni ques ipgkHdingochanshee eGaoiHlibAR), ”ﬁbgedéreﬁéféﬂ%xwg 9@@§QmHP$POdS
sem -synthetic nethods and npre recent reconbi nant nmet hods. For

exanpl e, ChaREBi¥g gpts uc§ the ester. However, one skilled in the art
would recognize that at very high levels of activated ester,
bis or tri-acylated product will be produced in significant
quantity.

20 The temperature of the reaction is not critical.
The reaction is carried out at between 0 to 40 degrees
Celsius and is generally complete in 15 minutes to 24 hours.

After acylation, the reaction is quenched, and the
product is purified by standard methods such as reverse phase

25 or hydrophobic chromatography. Thereafter, the product is
recovered by standard methods such as freeze drying or -
crystallization.

' Proinsulin, insulin and insulin analogs can be
prepared by any of a variety of recognized peptide synthesis

30 techniques including classical (solution) methods, solid
‘phase methods, semi-synthetic methods, and more recent
recombinant DNA methods. For example, Chance et al., U.S.
patent application number 07/388,201, EPO publication number
383 472, Brange et al., EPO 214 826, and Belagaje et al.,

35 TU.S. bPatent 5,304,473 discloée the preparation of various
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pat ent applicatfon nunber 07/388, 201, EPO publication nunber 383 472,
Brange et al., EPO 214 826, and Belagaje et al., 35 U S .Patent 5,304,473

di scl reparati on of various. WO 96/ 15803 -
T LRSS 1120%° TSR i 0 and

i nsulin.anal ogs and are herein |ncorporated by reference. The A and B
chains of the insulin anal ogs of the 10 present invention may al so be
prepared via a proinsulin-like precursor nol ecul e using reconbi nant DNA

tpfggm quﬁfonéx\%ﬁllé aﬁdafﬁsﬁhﬁ' anaf&é&é ' Qx‘?& ﬁ%}:( h%%iﬁ%irz ﬁgé@s&{%{ﬁ? ' on,

whi ch |sr¢ﬁ€6?%%?ateﬁhﬂe£eﬁﬂdb§ Fh?éﬁén@é the insulin ana¥pgsfof| ng
exanpl esppé€eRE OVhdast {5 ehay L 8lso bé Ustdsiréd | i r@tﬁréﬂ?sﬁﬂ%r!ﬂfwé‘ The

scope of the inventi 1? i s pot construed as_nerely consisti
f0||omnnarecur§95d5?£§cu e u51ng recomblnant DNA te hnlquqﬁa_ Qe 1

Acyl étlﬁnrm&klgs@ln, o - - Patu ¢t e~ Fun G ,151>rocI g

Bi ' I

6 55" SFvERED R, P | ?%E%ﬁé% ﬁefﬁ aaérg%mﬁlf FLEFE Ut 1 Ehe
cryst al swhieck iﬂligcdtg@DﬁW@d hereiyy by steferespection. . A sol ution of

activated ester . the foiggﬁaﬂgnbggh g%n%%gtﬁ}eﬁgéﬁarﬁggégg QX addi ng 20

ng of the 20 sol activate ster rously stirring
until al furkberciliaseratkst ehe phrverttenvwerthe iseepet¢dHrchy invent il

i NSpecti P8 nét EbRELihdB® ad meBeBy consirﬁiﬁ@%f‘ﬂlgé'%ﬁ&%xééfs 8 [err]l)

was added to nmL. of . t he BHI solution, followed by DVSC 4.4 nmL) and

t he prevFddEPye25 prepared activated ester solution (400 [err]1). The
reacti on was al l owed to proceed at roomtenperature (20 to 25[err] Q) ‘l
for approxi mately 60 m nutes. | e_was renoved after 15 _
mnutes, diluted 20- foId mnth 1 N QPP aéld and analyzed by HPLC, The
reacti on ACKLE pgud 81D R28 i : }

'ns;L; nin the queaggsgnéﬁggke ﬁhﬁaﬁe&ingmn (sur) | BLGLEL1E ”?Jfﬂt OfgPH was
were dissolved in 6.58 mL of DMSO. The solution was stirred
. at room temperature until the crystals were fully dissolved

by visual inspection. A solution of activated ester (N-
succinimidyl palmitate) was prepared by addlng 20 . mg of the

20 solid activated ester to 2 mL of DMSO and v1gorously stirring
until all the activated ester particles were in solution by
visual inspection. At that time, 1,1,3,3- :
Tetramethylguanidine (26.8 Hl) was added to 5 mL of the BHI

solution, followed by DMSO (94.4 mL) and the previously
25 prepared activated ester solution (400 pl). The reaction was
allowed to proceed at room temperature (20 to 25°C) for
approximately 60 minutes. A sample was removed after 15
minutes, diluted 20-fold with 1 N acetic acid and analyzed by
- HPLC. The reaction yield calculated as the amount of B29-NE-
30 - Palmitoyl Human insulin in the quenched sample divided by the
initial amount of BHI was 67.1%.

Example 2

35




Exampl e 2 Acyl ation of Insulin Using N-Succinimdyl Palmtate in 35

Acetonitrile and Water WO 96/ 15803

PCT/ US95/ - 11 -

) . S95/14872

Bi osynt het%@;ﬂfsrr‘gn Insulin (BH') crystals (199.5 g). vvere fgssol ved in
20.L of 50 nmM boric acid solution at pH 2.5. The pH of the solution was
readjusted to 2.5 using 10% HO , and tife “sol ution was stirred until the

crystals were 5 fully dissolved by visual inspection. A sanple of the

starting naterial was E?BWﬁéhe@EQ ﬁ@zﬁaﬁbﬁﬂé@ﬁﬂ@e(mﬁ%ﬂﬂs@éls (19?9765
was 10.55. A solutjon of activated este Succjnimdyl Palmtate

was prepar edWaRe RFIRLVeE (iyi2d He of 5%6‘&1 PoFS BARiH sy &k PH of
acetonitril e 5 e- heed ash tOF Ithe apphod otedy Y @fudt«d and Viersaur) 10%

stirring unt al | CJvated este rtlcle reln Iutlon by

visual 0 iehectrdhey sofift 9T s iR Ay

adj ust ed5t o ﬁpm}oxdimscel\yed(bﬁwmuahamspbdum of Al(}i’amml@-l.of t:he

Acetonitrile t dj ut j.

reaction was %1[8!: ot]‘%"grj:'('g%ieje"r7 p@%%}r_né& enmper aq ure @?% t“le%% Q%t

110 mi nut es 2761%@@01\@0555/ A S@b@ﬁr@pv@ﬁ act(lmﬂs) esterad| NJstl ng the pH

of the resul |

The reac%‘?%l?/}mT# uﬁ"%ﬁ’f‘ﬁ‘?éé"ég L?th%gpéen%rne%!f 829 rWr rﬁar%al m toyI 20

Human i nsul i $€ t Y c ivied [ -nhea of
lidtaet Yé%%@\e%s‘i‘% £ oh Hilyi e RIBLAHE Tl q iRFe-heatqdh (h

BH was 163%approx1mately 50° C and v1gorous B it unt i 1AM 1atdgen of
ucci n| m Palmtate

LyseooPr om0 Hiran L oot o S0 N LR 5 e
crystals .( 2. ZBspechbor. At dilsaol vime) I’tﬂé)(b}m_oﬁ)ftl’ﬁé) BHE bswluk iasn dvaeaoa/l utC: on
o the ol R EinEEed k3l abifoR LR cf%léetgﬁj TR ‘#’ﬁ'ﬁ’rz‘i}? P WG

_ Acetonitrile (18 L) was added to the pH adjusted BHI

15 solution. The reaction was allowed to proceed at room
temperature (20 to 25° C) for 110 minutes, then quenched by
adding water (123 L) and adjusting the pH of the resulting
diluted solution to 2.0l using 10% HC1l and 10% NaOH. The
reaction yield calculated as the amount of B29-N€-Palmitoyl

20 Human insulin in the quenched reaction divided by the initial
amount of BHI was 73%. S

- Example 3 '
25 Palmitate in Acetopitrile and Water -
LysB28proB29-guman Insulin crystals (2.22 g) were
- dissolved in 100 mL of 50 mM boric acid solution at pH 2.5.
The pH of the solution was readjusted to 2.5 using 10% HC1,
and the solution was stirred until the crystals were fully
30 dissolved by visual inspection. A solution of activated
ester (N-Succinimidyl Palmitate) was prepared by adding 270
mg 6f the solid activated ester to 27 mL of acetonitrile pre-
heated to approximately 50° C, and vigorously stirring until
all the activated ester particles were in solution by visual
35 inspectibn. The pH of the solution was adjusted to




30 dissol ved by visual i ns_pect'i on. A solution-of activated ester

(N-Succinimdyl Palmtate) was. prepared by addi ng 270 ng of the solid
activated ester to 27 nL of acetonitrile pre- heat ed t o _approxi mately
50 C, W3 %or ously stirring until al | the activat &ETAEP E’E 82 ticles
were in solution by visual 35 inspection. The pH of the “sol utlon was

adj usted to WO 96/ 15803 - 12 -

PCT/ US95/ 14872 - 12 - approxi mately

2t af er PRl 1, 2P 8 S CIR e (U MR B B TR D

adj ust e@@lmmqrbmas al]fQSY#Q)VVERi SHAY Rt p4r§V|f61}'sI1§ Piswaesd activated ester
sol uti omcec%mmlreeam %)\Ama@lalda@ﬂ o HOERE %d%sﬁgﬁr rslolﬁtfl% 85

m nut es, and was _quenched Qf/ addi ng N acCeti c ac 600

resul ti f@likpwed Brofthe @reviqu ]éfa(ﬂqetﬂ?%ﬁdelafftdﬁa&ﬂdate@dﬁeis So:mttll‘\’é1 -anount
of B88- Mitry el i6r Gyds LyEIBER of prvresd ias WY @ ifdr 85 mifudesnched

reaction (H Vi ded béﬁcthheed 'b?} ta{félngm?lurﬁ aOJet]io Lﬁs%BZ(%E) ol?r&g hunman i nsulin

was 72. Acyl ation .
of BHI ljses@.d‘si:r@am ra ipHiydf Ral8h t atBhe reaction yield calculated as

Acet oni t £rpb NE-pal £28LhEERG - HY)
crystal s&% tV\l‘Hwer ez]ag-l ssolavén&tox ggg ? %{fli gﬂggilléﬂ 5 ution at -

pH Z:IE ci[tmqhed)fr&ara:m Wdividedh oy adug usnmiads ameuesafy to 2.5
u5| 8 (1) t| Vg5 I ntil the crystals wer e
fuI gssj'fve y v_qusl‘ﬁ&a%ﬂjl r{ggp{%act [ gﬁéé i§§#sol ution of activated ester
(N—Sucm nimdyl Palmtate) was prepared by addi ng 400 ng of the soli d'
activated ester to 40 L of acgkampiéide and vigorously stirring. At

that ti me, the pH of the. BH .cr | s sol.ut.ion was adjusted to
appr oxi natelybf%aésgqu-l‘?eé ﬁﬂ%.%ﬁ%*%%@%@éﬁmm (240 )

‘was then added to the BHI preV| ously prepared
actLyvated ester sétlon 10\/\/edt edat room.
tené) t then

T er actio was,
‘ature (20 toPbRFERReEyCr fiman Pafsﬁm. ﬁ%ﬁ‘
guenchedvdxe aticiswlwed ein (BED0OL of 50 mM boric ac:.d solution at PH
2.5. The pH of the solution was readjusted as necessary to

2.5 using 10% HCl and the solution was stirred until the

crystals were fully dissolved by visual inspection. A

20 solution of activated ester (N-Succinimidyl Palmitate) was
prepared by adding 400 mg of the solid activated ester to 40
mL of acetonitrile and vigorously stirring. At that time,
the pH of the BHI crystals.solution was adjusted to
approximately 10.2 by the addition of 10% NaOH. Acetonitrile

25 (240 mL) was then added to the BHI solution followed by the
previously prepared activated ester solution. The reaction
was allowed to proceed at room temperature (20 to 25° C) for
approximately 90 minutes, then quenched by adding water (1800
mL) and adjusting the pH of the resulting diluted solution to

30 approximately 2.5 using 10% HCl. . The reaction vyield
calculated as the-amount'of B29-N€-Palmitoyl Human insulin in

the reaction divided by the initial amount of BHI was 75.7%.

Example 5



mL) and adjusting the pH of the resulting diluted solution to 30

approximately 2.5 using 10% HC . The reaction yield cal cul ated as the

anount ofywB23nklesr r] - Pal m toyl Human insulin in the reapprRRodlsgyped by
the initial anmobunt of BH was 75.7%. -

Exanpl e 5 WO 96/ 15803 S 13 - '

PCT/ US95/ 14872 ' - 13 - Acyl ation of

“Proinsulin with N Succi nlmdyl Palmtate in
Acetonitril e ages) -

- ne ‘-7 ~ ~_'—, -.; A.‘Ai-.-_r :
solution (28.2 /m_) vvasdlu ed 50 boric aC|dtoaf|naI
volume of 5 100 nL at 16.2 ng/ ester solution was
prepared concurrent!y Humadi mlwsmltﬁQHm)ofaq&emmlgthdbh (28.palmtate
in 15 nL acet rile api,d tion The f.the HPl . -
sol uti on wa¥®9 ?ﬁ%‘h X&Fugﬁg\%feg Y@Jt% \%Ib ﬂ'ﬁ 8’5’ ic aﬁléél—ltf”ofl 83@89 ?nge of
addi ti orb of 188 miL AEN16TRemgdatit HEA - Wa§‘h§0actmvatededsbyraddiutmqnoﬁasz mL

acti vat ed e?&%@a%‘éh”%&%uﬁe%&ly b%g”}i n%%o‘i%ﬁéség efn HBlE) - %gﬁci#gﬁkdyl

reaction vo HPI % a ueous
reaction wadadmisase in 16ombr sees@NAtTAdem(AEM)ewaLr 53pRd REiRELEEPR]} Q)

for approxi pRelon of tﬁgomp&ug%&uttlaanw%eeaaﬁdaexuaééanaoamoeguwehemb%

vol une (200 15 m_) of (;31 C , The  exact
ratios of [&ECH &eldewes bxi 6@&1 §-°Po°§ 838 mLyACNo adheateackper; wes
wer e notp caligliledleéad Weaﬂdmtﬁbnaﬂf per k- actlvalﬁ.ﬂeﬂoeéﬁ)ék‘abedu&ﬂaﬁl €8 2x

within the chromato ram accou 87- 90%0 taI ar ea iIle
the sum of JA3%e(@ §§Szﬁve§uglébﬁgncegm(e\ﬁ|18ﬁl\ﬁ&?8 PBSH B FAREI agﬁhany
[err]-am nomL, Samg/afle@PIpeci SOf acneouse ACNor trhé%*ehcttlent whal adideaedf or

any given ti Aﬁ%f%te,gr gaé?,fﬁum tﬁn}]i)erature (20Hé:o 25 F) %é?‘n’gbgrgxﬁnately

Acylatlono sulin wth
- Hydr oxy- Suééd mimuteshsttdien quenched by addngxssan Aqusallennawoianel i(R0Q1. 3
mg) wesi4i sgpl\vedk 50 mM glycine, pH 10.0.

The exact ratios of &-amino acylated species to o-

. amino acylated species were not calculated, the sum of all &-

amino acylated species within the chromatogram accounted for
87-90% of the total area, while the sum of all related

20 substances (which would presumably include any ¢-amino
acylated species) accounted for < 7% of the total area, for
any given time point.

Example 6
25 Acvlation of ArgB3l, argR32 Human Insulin with Hexanovl-N
ArgB3l, argB32 human insulin (1.3 mg) was dissolved

in 200 uL of 200 mM (3-[Cyclohexylamino]-l-propanesulfonic
acid) buffer at pH 10.4. Hexanoyl-N-hydroxy-succinimide

30 ester (0.3 uMoles) dissolved in N,N-Dimethylformamide (DMF')
was then added and stirred into solution. The reaction
mixture was stirred at ambient temperature (20° to 25° C) for
approximately four hours, then quenched by adjusting the pH
to approximately 2.5 using 0.1 N HCl. Gelatinous particles

35 were removed by passing the mixture through a 0.45 micron



in 200 [err]L of 200 nmM (3-[ Cycl ohexyl am no] - 1- pr opanesul foni c aci d)
buffer at pH 10.4. Hexanoyl - N-hydroxy-succinimde 30 ester (0.3

[err] i ssolved in N, N-Di net hyl formam de (DW) added and
sti rr%ﬁ%%ﬂsol ution. The reaction m xture was sti rrcggjéa%';lan%l ent
tenperature (20[err] to 25[err] C for approxi mately four hours, -then

quenched by adjusting the pH to’aﬂ-ﬁrdxi mately 2.5 using 0.1 N HC .
Gel atinous particles 35 were renmpved by passing the mxture through a 0.45

i cron f:ther i 133Q%1.c analysis. . Se aration of the titled
hCr ok, B o P i ter prior.

to HPLC ‘-&F's‘% sfr%psoﬁ%ﬁqw Jaterial Wasy acmeafﬁs’dl?a & CmESVETSeN g
mat er i alphspse i) &N 1t dEMBHEE The mlwwfélcaalcad%u@a%@dlm

Th t | t t
B29- rN[efal(r:E’]’I 0'#&%' : ci)‘}nc"A %ﬁge%‘a Qfﬁ‘%‘sﬁﬁ’xg AP Rt ng‘ggﬁzt Remale fiBRBYPeact i on
di vi ged 1y dhe qﬂértdh?éd mtfttlai divided B3l e vy gl idinamcuntuldmn was -

69. 4% _ . le 7. Acyl ati on of
LeuBzs- MRS 1 AR W Rk i R S de

Pal mtate i n DMSO LeuB26- Human Insulin (1.0 ng) was :
dissolved in 1 nL of 95% Di rret?i\é? %f oxi de (DVBO),- 5% Tri et hyl am ne
(TEA) . N Succi ni m dyl p. err] l\/bI es) d| ssol ved in N N
D net hyl f or ~ g fucamimidil on. The

reagpi on mxture was stirred ap_awperature (20[err] to 25[err]
C) for approxi mately ety m nut es t hen gquenched by diluting the

sanple to 0.2 ny/ rﬂ-_'e‘a\n Bumay Insulgn (& H49hovas p‘&%ﬁ%l‘é%dv\?e‘? r’@m)ved‘-
by passid® gsw mmetfnyq Ugnel £ D h(MSb A5 9% afdiie driylisadidd | @ea)0 HRY-C

2ehi sved RO Gey e e e etie e b s Tltti o
yield caimétﬂlﬂcasnaﬂmdanmmm ovad\[ eher -ddded tamd -stirrddubitc Hunan
oL sl guenghed Leael Lo Ml Uy ddlirea diddlerouN Of

Leu THSulih Exanpl e 8
temperature (20° to 25° C) for approx:.mately nlnety minutes,

then quenched by diluting the sample to 0.2 mg/mL with 0.1 N
HCl. Gelatinous particles were removed-by-passing the
mixture through a 0.45 micron filter prior to. HPLC analysis.
20 Separation of the titled product from starting material was
achieved on a C4 reverse phase analytical HPLC column. The
reaction yield calculated as the amount of NE-Palmitoyl-

LeuB26_guman Insulin in the quenched reaction divided by the

initial amount of LeuB26 Human Insulin was 36.4%.
25 . :
_Example 8

A solution of insulin was prepared by' dissolving

30 Biosyntheéetic Human Insulin crystals (1 g,f0.17 mmol)
completely in 20 mL DMSO at room temperature. At the same
"time, a solution of activated ester was prepared by
dissolving N-succinimidyl palmitate (0.0817 g, 0.23 mmol) in
3 mL DMSO at 50°C. To the insulin solution, which was

35 rigorously stirred, was added first 1,1,3,3-
tetramethyguanidine (0.432 mL, 3.4 mmol) and then the entire



Acyl ation of Human Insulin using N-succinimdyl palmtate in
di met hyl sul f oxi de ( DVB0) A solution of insulin was prepared -

by di ssolwbRgnaigs Bl osynthetic Human Insulin crystals (1 g, p@rhdodiiigyd
conpletely in m. DMSO at room tenperature. At the same - tine, a

solution of activated ester was prepared di ssol ving N-succini m dyl
palmtate (0.0817 g, 0.23 mmol) in 3 DVBO at 50[err]C. To the
insulin solution, which was 35 rigorously stirred, :was added first 1,1, 3, 3-

t9 g‘} ' gggg hyguanu@iibe 68 432ive edcérTmohkrard 3bh&gg%_l}ng¢g}:iilé§17:‘eactionV%s_
1500 quspchiedoiish 320 Mb 8 &-05t ECLPTREALY e Ttk b Fas
Qllflenfcheﬁ W trihel 2B Bi QheonﬁsctMrlédwg a|@|r. aﬁomu:s:cly gchi rhadyte sOpbgr Ehe. ghe
pH ot the m xtur . { S n ytge oy
reverse pha%eﬁﬁﬁe\égﬁ%\%gg‘%eha §?§[é%fér #D?’-agg %% % ?8?ﬁg?nggggnggccigunt ed
for 72. 29 opallid toglalingudiie accountledt gdr J2d 2Rcpfeshet edtai%pebtalih
mono- acyl at eq_insul i_n. ' h ti.r act | Xt ur s | oaded
on a Vydac eq'ut 'pFﬁgaF |veesern§‘veéir sgggp%éfge%l&oﬁ‘ﬁéﬁ %é%g'gt? l%?é#@usly
equilibrated with a sdhemntise wreacviominixiput Was Idaded fdruer dydad ¢
acid, 20% acgt ot ihd YAt ern I agi first
washed wit h%gogjqu?l%’ragfa%tlhve%_sane.rse %tsa(;%levgr?tl}lhglngst gnE_Zv ?lgpe u\§?§a flow
rate of 4 memiddbxated witd @ S0lyend WdRTUSes cORtAdNINS: Ond%of 0. 1%

trifluof@aceldi®1uorcadeti AGRIEA) 20y @cdnidirane WhSkRIR ! he agggtonitrile
15 concentration increased from20 to 80%w.thin 9 L. B29-Nerr]-

pal mi toyl i AS@A4INGe| Fey S U yasH RisRt HWAshed Wdihosi00gmér of the same.
appr oxi mat elgp 153t C eindithen devdilioped &iD\AI£ 100w irat eS @IfV@NinL/minlY es

o5 BB, S e U 99 i Broacel 000
- Exanple 9 acid,Aadestdrirrifl o yesit? 882@rhuwirerieisulthe \sidetohiartideoY - N-
hydr oxYggicci s IR r83iBh increased ¥26R28) £ & SIBAN iy, 1| NS w2on,EKPB)

crystal s™ (2.
palmitoyl insulin eluted at this solvent system composing of

approximately 53% acetonitrile. After removal of the solvent
by lyophilization the yield of N€-palmitoyl insulin was 414 mg
(0.0684 mmol) or 40.2% based on starting material.
20
Example 9 : _
Lys(B28), Pro(B29) Human Insulin (KPB) crystals (2.0 g)
25 were dissolved in 200 mL of 50 mM boric acid buffer at pH
2.5. The pH of the solution was readjusted to 2.5 using 10%
HCl, and the solution was stirred until the crystals were '
fully dissolved by visual inspection.' A solution of
activated ester (l-octanoyl-N-hydroxysuccinimide ester) was
30 prepared by adding 175 mg of the solid activated ester to
25.62 mL of acetonitrile, and vigorously stirring until all
the activated ester particles were in solution by wvisual
inspection. The pH of the KPB solution was adjusted to
approximately 10.4 by the addition of 10% NaOH, and the



25 were dissolved in 200 nL of 50 mM boric acid buffer at pH - 2.5. The

pH of the solution was readjusted to 2.5 using 10% . HCL, and the
sol ut iLon tirred until the crystals were fully dj | Vi sua
inspe?ﬁﬁgﬁﬁaw?solution of activated ester c¥é§%ﬂ@§¥kﬁ¥/

(1- oct anoyl - N- hydr oxysucci ni m de esteri was 30 prepared by adding 175 ng
of the solid activated ester to 82-nL of acetonitrile, and
vigorously stirring until all the activated ester particles were in

sol uti Onsmuwlsﬁauas alllma%boacﬁhﬁtpamsaehlae téﬁg§aku&b0@owaba%ust ed ’

to approximately 10.4 { addi tion of
96/ 158035 minutes. ~ Acetoni rlle (176 mL) was aﬁé?ﬁUSQSF?§8P§“

- 16 -  adjustled KB Wlutlilbavedolaoved byt addiicesh bemﬁéabuéelbaélybout
5 nlnutes Acet n|tr|Ie & 76 é% ﬁ %dded % t he % égited KPB
sol uti onPH E5 €5t SCHETFPvi 588 fe2 tlBPeHEFe eFedat ed
esters SO|tU>t 'pcmceElde attemﬂamtmn@leh:a\mafeS folro 90r adinedeat, antl ens

Ha (o, Snhpt B RS s 3 B RE. 208 33”12 968 w20 AROGERRRE L ng i n

a flnal pnqlamnes (120ﬂ0mbvh@fr@&cltd @HZ@i'eF@SUééll@m inca £irefepHmofnt of
LysB29( C3) Kigh | vl SUeRAChY iRt I el by chbe ahBlpiabel0  amount of

BHI 5% i's so ut| into
purifi caliyeBAf C}Wdﬁi’@pﬁébutéle que@lmtr@g\lcsaw dswides) byo@ih@rmmtlal

% Er og@t OWnﬁiQijl_:‘:tb}MfS Zs‘ndi I %@? 75t 5%btthiﬁlrsftfsulhﬁ:ardno Rra@n @lllv%i%@' ll?i%b' Qﬂrlo 15

e data in Ta eno rat es e sele ation of insulin,
insulin &9&6’5‘3%@% ﬂ‘l‘rl'ﬁi'é:atlone;y X’iyl‘Pé'r‘?Pélo\%éFe carried out at ‘
r oomht errmﬂ-rrainmgwatﬁhy (smwr oxgoﬂmm mmoﬁatw&emyohaﬁh?foﬂabwéedam d.

In the 0 and, T epresent tetranethyl guani di ne 20
and tri ethP(yI“gTﬁ ﬁ‘é‘ulﬁgﬁg qr{lar@slyﬁgq% &toé’s no data are avai |l abl e.

15 - . The data in Table 2 demonstrates the selective

acylation of insulin, insulin analogs and proinsulin. The
experiments were carried out at room temperature with
N-hydroxy-succinimide esters of the fatty acid. 1In the
following Table, TMG and TEA represent tetramethylguanidine

20 and triethylamine respectively. ND indicates no data are
available.

aI| quots for .
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-17- dains _ 1. A process of selectively acylating

pr oi nsul i%96/15803 insulin, or an insulin anal og having a fr eethdosi4s2s NO
group and a free a-amno group with a fatty acid, which <conprises
reactrﬁg~the_LeLLllgglpo group with a soluble actlvated fatty acid

est er er baS|c conditions in a polar"o}@ent 2. The
proc Eﬂi erein the protein is 10 human insulin, an insulin
anal 29- human I nsuyllidims 3. The
process of Clalntl Wherein the activated fatty acid ester is a

N- hydr oxysuccini m de ester of a C6 to 15 C18 fatty acid.
4. The process of Claiml phprecesshefaseleetidely acylating gsreimsikinis a

N-hydr oxysuc&sm 4e &St gﬁ%?lﬁ}‘laz%é)log ha\t%zggg d e %Qhﬂtlno § and

5. The process any one o |vaPe
fatty acbd e%t%’feﬁP saaawmdgm%u%mmﬁc@tty ac1@stveh1<81 GNP SQS aci d.

25 reécm?? PERE Earins HaRhlg Wilth 3CWAUDE RIcRiREdN fatty acid
insulin, or an in in anal og- having a free [err]-am no group and

free a-ani noegeupinden 1aa$h¢t9°@@l*éll0%|%m T@praseolvent. reacting the
[err]-am no group with a soluble activated fatty aci d ester in a

sem - aqueous solvent at a gH fromabout 9.0 to 30 12.0.
7. The process of C ai Ar6, ﬂﬁePEPﬁeFﬁeoﬁrgﬁéﬁﬁ 2swherein the protein is

10 human 1nsulln, an insulin analog, or LysBzSProBzg—human
insulin.

3. The process of Claim 1 wherein the activated
fatty acid ester is a N-hydroxysuccinimide ester of a Cg to
15 C318 fatty acid.

4. The process of Claim 1 wherein the activated
fatty acid ester is a N-hydroxysuccinimide ester of a Ci4 to
Ci1s8 fatty acid.
20
5. The process of any one of Claims 1 to 4 wherein
the activated fatty acid ester is a N-hydroxysuccinimide
ester of palmitic acid.

25 6. A process of selectively acylating proinsulin,
insulin, or an insulin analog having a free €-amino group and

a free a-amino group with a fatty acid, which comprises
reacting the g€-amino group with a soluble activated fatty acid

ester in a semi-aqueous solvent at a pH from about 9.0 to
30 12.0.

7. The process of Claim 6, wherein the protein'is
human insulin, an insulin analog, or Ly3328Pr0339—human
insulin.

35

8. The process of Claim 7, wherein the pH is from

about 9.5 to about 10.5.



human insulin, an insulin analog, or LysB28ProB29- hunan i nsul in. 35

?0 ‘é’he process Ou’mmmam""'m|mln the pHis from about 9.5 t'o aboutl.

PCT/ UEO9615%3 . 18 - PCTUSISMAETZ o
The process of Claim8, wherein the sem - aqueous sol vent is
acetonitrile and water. 5 - 1816. The process of Cdaim9, mhereln
the solvent is 50% acetonitrile. 11. The process of
Claim 10, wherein the fatty acid ester is Nsuccinimdyl palmtate,

N-succinimdyl 10 octanoate, or N-succinimdyl myristate. _
9. The process of Claim 8, wherein the semi-

aqueous solvent is acetonitrile and water.

5 o 10. The process of Claim 9, wherein the solvent is

50% acetonitrile.

11. The process of Claim 10, wherein the fatty
acid ester is N-succinimidyl palmitate, N-succinimidyl
10 octanocate, or N-succinimidyl myristate.



