Conjugates for the Prevention or Treatnent of N cotine Addiction TECHNI CAL
FI ELD The present invention relates to nicotine-derived haptens,

hapt en- spsioaniicsngoagat es and hapten-carrier conjugates rhatuBzeive4es t he
antigeni c conponent in anti- 5 nicotine vaccines. The invention also
relates to vacci ne conpositions containing such nicotine-derived

hapt en-carrier conjugate antigens formul ated with adjuvants. Such
conpositions are used to enhance quit rates or reduce relapse rates in
snoki ng cessation and tobacco/ ni coti ne dependence treatment efforts. 10
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The ni cotine-derived hapten-carrier conjugates of the invention may have

t he advantage that they are nore i mmunogenic, are nore specific, are nore
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25 to nicotine, cotinine, acetylcholine and varenicline was determ ned by
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10 antibody levels (total 1gG in plasma were neasured by ELI SA
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Figures 19 and 20 show the effect of conjugation conditions of the

ni coti ne-derived hapten-carrier conjugates of Table 6 on anti-nicotine
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in blood and brain for the h% ten-carrier caonjugates of Table 6. BALB/c
mce (n = 10 Jdgutgbehpwsloee g?hmm%razat@n\m f‘Jch\H'(g‘ AntRiceHe-\@EFiNeRd hapt en

by intra- nyﬁ%uirrafenvapa“demfoldén ugatetth@ni@bmﬁeem&eehaptburafneumdhmdﬁ ththde (al um
Al hydrogel-8 34). and CpG 24 At one week F{ost he

second i nfRIAPY %ﬂ'ﬁ&‘%g aQﬁ’i—""Y\'FE Pfi HW-nieoting aﬁﬁ?qggesriﬁelﬁsma@nemta? Aistipuona

3H-nic) was’HafidbtineSh @raQH\atahdealh NBACBIOHice Iph 200 pep bt} REre irMMUTRed
perfused, brajns | s of 3H quantified, and % chan e i n

3H- ni cot i WaN motan%@%rwsﬁgﬂameax E,epi‘?ﬁ'eﬂét gRinoprenymicosne)aonigredia s

ﬂetterm nediphtheria tox5ldqw{Te1@§ f\ﬁiﬂﬁé\ﬁofr?&g%téseﬁdﬁd ﬁsnﬁkjt differet MitkefsOPrépianations OI the
apten-carri conj ugates w | noneri c rryer rotein
Lo CoGl Al RYARbRENTE BsayiR, vagedaion (AnAsa g’ 20 42ninBaPravenes el AAPM ™ el wi t h
a known anyuraiud@(auhﬁmlawrsgélraseno gg Wlau)ga&fdecmmsef)wsor@as«trz IS hoze 3™
concentrati on ,of con % o] utlon after 20 i /Ea]g on., The %
decrease IMNER#RtiOR: 7 t B‘i’f'”&flg cfrﬂ'ﬁ § 10 Rlasma WeTRINeRRUre LAk ﬁ]"ﬂ@ate bi ndi ng
to t hao Co&idibhyek egasure®dy Bimenofiure tHictyandte aﬁﬁy PHOMEOtINGRO esmgmgm zed with

10 pg of different .con ag I ntra-nusc I.n ectlo pr esence
P o e T Y e e VRt R A B E s
24555, At ammalsmmsw&irauhmerﬁ@@a Nidvel§BITH @dntifed ard-blasmalbrdierdtio.dd3H Y/ kg

ni cotine ﬁ ontaining 3 pG 3Hnic) was 25 administered by 1V injection,

bl ood col PREM¥Be%-ani mal s perfused, brains renoved, |evels of 3H quantified

and % change Imgﬁﬂdrm'sWs'tnee'fréctbifmduraz@:hdnroam@ewm’. aiti-Mieotire \eetihe®! ani mal s
was determ ngra, ENCE LI ST] NG SOSE D NGO 1.is the qﬁ ucl eot.i d equence
'Iffaf%‘ %t!i!?

of i mttino¥¢ SRS ARRIERTE e MEPRTECIREVEd 53BieN BER IVERtIRERARP PTI ON | n

one aspectaréiér dhanti- mu@tm‘elahﬂbdscﬁj |am§|ntma§né1apraaau@fumbfmmts)rsmmc(nk)e' (n X\
6re2(|) rein I n one

enbodi et ARPT SR B g vihslodnGEoE YR RARNAPREPRRR 1% n anot her
enbodi neng’ anwdemdxy niofind)icdnjugatet! td b@hmyéna €xoR (DTN ph)ywitnedrjegatesrbodi nent

\;;\;Ir IS dl- gé P?IH%%SIHQ Ia(?trerenn?nkersrTFp%e;bar\a(\tllons 54-34) by wﬂra-muscular \gganétlonr}or? dg;cls the

20 0, 28, 42) in the presence of aluminium hydroxide (alum; Alhydrogel-85: 40 pg AI**) and
CpG 24555 (50 pg). Anti-nicotine antibody levels (total IgG) in plasma were measured
by ELISA

Figure 9 shows the effect of immunization of mice with anti-nicotine vaccines

using different spacers to conjugate the nicotine-derived hapten of the invention to the

25 carrier on levels and avidity of anti-nicotine antibodies in plasma and on the distribution
of ®H-nicotine in plasma and brain. BALB/c mice (n = 12 per group) were immunized
with nicotine-derived hapten (Preparation 12; 5’aminoethoxy nicotine) conjugated to
diphtheria toxoid (DT; 10 pg) with conjugates being using different linkers (Preparations
24-34) by intra-muscular vaccination (on days 0, 28, 42) in the presence of aluminium

30 hydroxide (alum; Alhydrogel-85: 40 ug A**) and CpG 24555 (50 pg). At 2 wks post 3™
immunization, anti-nicotine IgG Ab levels in plasma were measured by ELISA and
avidity was measured by ammonium thiocyanate assay. 2H-nicotine (0.05mg/kg

nicotine containing 3 pCi ®H-nic) was administered by IV injection, blood collected,



N ? H2ZNcy- reCH3 H= )LN ? CH ., N, (33 NH2 or I n anot her enbodi nent, the
hapten is HZN [-12N In a further enbodi nent, the hapten isN In a
second aswech1l/158®7i nvention rel ates to a hapt en- spacer pconpugad4ef t he
15formula (I1): (I1) wherein Wis -CH2- or -0-; -(spacer)- is a Cl-C8

al kyl ene group, a C3-Cl10 cycl oal kyl ene group or a Cl-Cl12 al kyl ene group
interrupted by 1 to 4 oxygen atons and optionally 5 interrupted by a
-N(H)C(0)-; and X is -NH2 or -SH. As used herein, an "al kyl ene

group'

carbon atonms. As used herein, an " al kylene group interrupted by 1.to 4
oxygen at 8RiEals Rerfusgg, bé?daﬁfﬁ’%?"eddﬂ!‘i‘ﬁi?f%—&ua}“t'g%ﬁa@-ﬁ'm}é@wlé°f3'?'

10

15
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25

30

is meant a -(CH2)n- group in which nis the required nunber of

determined.

Figure 10 shows the effect of succinylation of the hapten-carrier conjugates of
the invention on anti-nicotine antibody levels in plasma at various time points. BALB/c
mice (n = 12 per group) were immunized with nicotine-derived hapten (Preparation 4;
5'aminopropylnicotine) conjugated to diphtheria toxoid (DT; 10 pg) with conjugates
being prepared using 2 different conditions, each with or without a succinic anhydride
step, by intra-muscular vaccination (on days 0, 28, 42) in the presence of aluminium
hydroxide (alum; Alhydrogel-85: 40 ug AI3+) and CpG 24555 (50 pg). Anti-nicotine
antibody levels (total IgG) in plasma were measured by ELISA.

Figure 11 shows the effect of succinylation of the hapten-carrier conjugates of
the invention, on distribution of *H-nicotine in blood and brain. BALB/c mice (n = 12 per
group) were immunized with nicotine-derived hapten (Preparation 4;
5'aminopropylnicotine) conjugated to diphtheria toxoid (DT; 10 pg) with conjugates
being prepared using 2 different conditions, each with or without a succinic anhydride
step, by intra-muscular vaccination (on days 0, 28, 42) in the presence of aluminium
hydroxide (alum; Alhydrogel-85: 40 ug AI**) and CpG 24555 (50 ug). At 2 wks after last
boost, *H-nicotine (0.05mg/kg nicotine containing 3 PCi ®H-nic) was administered by IV
injection, blood collected, animals perfused, brains removed, levels of *H quantified in
brain and plasma.

Figure 12 shows the effect of immunization of mice with anti-nicotine vaccines
using different spacers to conjugate the nicotine-derived hapten of the invention to the
carrier on the anti-nicotine antibody levels in plasma at various time points. BALB/c
mice (n = 12 per group) were immunized with nicotine-derived hapten (Preparation 12;
5’aminoethoxy nicotine) conjugated to diphtheria toxoid (DT; 10 pg) or CRM4g7 (10 ug)
with conjugates being using different linkers (Preparations 24-34) by intra-muscular
vaccination (on days 0, 28, 42) in the presence of aluminium hydroxide (alum;
Alhydrogel-85: 40 ug A**) and CpG 24555 (50 pug). Anti-nicotine antibody levels (total
IgG) in plasma were measured by ELISA.

Figure 13 shows the effect of immunization of mice with anti-nicotine vaccines
on the ®H-nicotine distribution in mice BALB/c mice (n = 12 per group) were immunized
with nicotine-derived hapten (Preparation 12; 5’aminoethoxy nicotine) conjugated to
diphtheria toxoid (DT; 10 ug) or CRM4g7 (10 ug) by intra-muscular vaccination (on days
0, 28, 42) in the presence of aluminium hydroxide (alum; Alhydrogel-85: 40 ug Al**) and

6



CH2 CH2 OCH2 CH2 OCH2 CH2 OCH2 CH2OCH2CH2- . As used herein, an " al kyl ene group 10
interrupted by 1 to 4 oxygen atons and interrupted by a -N(H C(0)-' is, for
exanpl e, WOHRBGHAGH2 OCH2 CH2 OCH2 CH2 OCH2 CH2 CH2NHCOCH2CH2- . pCm/IBMa1/esehedi nent ,
Wis in position 2, 5 or 6 of the pyridine ring. In another enbodinent, W
s in position 5 of the pyridine ring. In a further enbodi nent, Wis -0-.
151 n anot her enbodi nent, Wis -0-; and Wis in position 5 of the pyridine

ring. In one enbodi ment, -(spacer)- is a Cl-C6 al kyl ene group. In
anot her enbodi ment, -(spacer)- is a Cl-Cl0 al kyl ene group interrupted by 1
to 4 oxyg

n | n yet anot her enbodi r;,ent g acer iIs a
CL. C12 51 EPEHEoR (yek At woraa@ @oRkina 1519 IBryBEASR. cRenisalbe ROBMalis cd by a

- N(H) C( 0) nicofirie me.mﬁ@gctmﬁmmc) Was almitiere8bYaw injé&tioh WasEcdiRctel; HS L NH
H The foll ow n rurt her enbodi nent s ar? envi s

hapt en- spﬁ’&'E}a e thEaing rempvied) 1gvqls P "égu‘%!‘é'gg‘? ARL % ispgein \Nh%'&%'%’l‘i’ Wi's

25-0-; in brains relativeitb boftrdlapin®ils wageeterrsiaad. ugat e of fornula (11) as
descrl bed abovlg it en s\}éace
t

conj ugite of ISR 'H{%WVE E%véeft"ﬂew%m@f%m%ﬂb%uﬁ?%ﬁ °¢¥1§S and

(i), whepgtHe aﬁtquﬁcotﬁbtantubody leveld ) |aentwat\eﬂo@@mﬁepouﬁemma/enﬁ&e (her mul a
(1) as dgfcrlbed above or wherein Wis in

posi ti on 22 PSrgpPupR) ‘%‘?reﬂfH@UB';?t’ UR@'CPF"FFgderﬁ’é‘*G)hathqe(Bf‘ﬁ]ﬂ@'ﬁﬁégr conj ugat e of
formul a ( blajnirsettitsg didobes) o@h}u 3te@lto diphthehe ehixaRNDT; 10 lg) 6 CRM)g, (VNEFET N Wi s

in the 5 position o the t en- spacer
conj ugat eglﬁf“ regPEHY ("'f“f") ‘i"rystpegs’a‘}?d\/eth&p ??ﬁg"@ﬁﬁgaﬁﬁ’ﬂ}'ﬂ@ (i) to (v),
wher eitp - bfdi @élatumsmay@&gmsahwgwﬁe) eﬂfdwm 2%5%(50%) Quldrigeone group, or

a -Cl_ Cl2 glﬂ‘fg | gﬁaptgm E;)agftlgg Bv%Fera% uatecP Anti- nlcotlne an b%%g Ieve?smt;otaalngf)lptt Fonal Iy

10interru
plasma were measured by ELISA.

Figure 15 shows the effect of immunization of mice with anti-nicotine vaccines
on the *H-nicotine distribution in mice. BALB/c mice (n = 12 per group) were immunized

15  with nicotine-derived hapten (Preparation 12; 5’aminoethoxy nicotine) conjugated to
diphtheria toxoid (DT; 10 ug) or CRM4g7 (10 ug) by intra-muscular vaccination (on days
0, 28, 42) in the presence of aluminium hydroxide (alum; Alhydrogel-85: 40 ug Al**) and
CpG 24555 (50 ug). A range of different hapten loadings were evaluated. At two weeks
post the third immunization, ®H-nicotine (0.05 mg/kg nicotine containing 3 uCi *H-nic)

20 was administered by IV injection, blood collected, animals perfused, brains removed,
levels of °H quantified and % change in ®H-nicotine in brains relative to control animals
was determined.

Figures 16-18 show the effect of immunization of mice with anti-nicotine
vaccines on anti-nicotine antibody levels and avidity in plasma at various time points.

25 BALB/c mice (n = 10 per group) were immunized with nicotine-derived hapten
(Preparation 12; 5’aminoethoxy nicotine) conjugated to CRM4g7 (10 pg) by intra-
muscular vaccination in the presence of aluminium hydroxide (alum; Alhydrogel-85: 40
ug AI**) and CpG 24555 (50 ug), or in the presence of ISCOMATRIX (IMX; 0.1 to 3.0
Units). Anti-nicotine antibody levels (total IgG) in plasma were measured by ELISA (day

30 21 and 28) and avidity was measured by inhibition ELISA. Figure 16 [i] shows results 3
weeks post 1%t dose; and [ii] shows results 1 week post 2" does. Figure 17 shows
avidity (ICso) 1 week post 2" dose. Figure 18 shows sequestration of nicotine in

plasma (top); and uptake of nicotine into brain (bottom).



(vii) a hapten-spacer conjugate of fornula (1l1) as described above or in
enbodi nents (i) to (vi), wherein -(spacer)- is a Cl-C8 al kyl ene group. In

t he fol | omonglsse®res, whi ch depi ct general nethods for PobtiB2ni/NEp44che
conpounds of fornmula (1), the substituents are as defined above for the
conpounds of 15 fornula (1) or derivatives thereof, unless otherw se
stated: OHNN HT CH3N 1 CH3 1\rCH3 N% (1) (ii) Schenme 1 Boronate ester (ii)
can be forned fromthe reaction of (S)-(-)-nicotine (i) with a suitable

i ridium catalyst, typically nethoxy(cyclooctadiene)iridiun(l) dinmer, a

| i gand, 20such_as 4,4 -di-tert-but rid and a boron source,

such as bi s(pi dﬁﬁ?ﬂsa"tgcﬁrﬁ’l%’o?w Bee 991 %C%WE'Q?{)%HRB%/W% nsof eNigetReahor ol ane,

in a sui tam\@d&fabtéﬁmamew;shjugaeéo#Tém@sa;h%nﬂrmc'Bltﬂﬁe aaﬁboaynmnemt ure between
roomtenperature and re Bor onat e ester §| |L hen be converted to

br om de (P?fﬁspeg‘i"ﬂ%'%@ﬁﬁ'éﬁs (?4\53/5(@%? ge= 16 per g@ P)a‘ﬁ?rs impupRe WY Mem such
as met hanﬁ.b()m@‘-@énvaa heptea g lintkRinasculdivadcihatitRen Helresetce o Blumiurdal |y,

gg}]\gﬁgg 26%%&2& (aefum Aﬁhydrogel%%l% Eig5 %%Q)ﬁgépé %%’g’:{ &%ZpAé?%ntl nlc(,o\éljnleI ) (Vi)
antibody levels (total IgG) in plasma were measured by ELISA and avidity was
measured by inhibition ELISA.

Figures 21 and 22 show distribution of ®H-nicotine in blood and brain for the
hapten-carrier conjugates of Table 6. BALB/c mice (n = 10 per group) were immunized

10  with the nicotine-derived hapten by intra-muscular vaccination in the presence of
aluminium hydroxide (alum; Alhydrogel-85: 40 pg A**) and CpG 24555 (50 ug). At one
week post the second immunization, *H-nicotine (0.05 mg/kg nicotine containing 3 pCi
3H-nic) was administered by |V injection, blood collected, animals perfused, brains
removed, levels of °H quantified and % change in *H-nicotine in blood and brains

15 relative to control animals was determined.

Figure 23 shows the results of testing for binding of the hapten-carrier
conjugates with differing percent monomeric carrier protein to CpG/Alhydrogel. Binding
was determined by incubating CpG/Alhydrogel with a known amount of hapten-carrier
conjugate and then measuring the concentration of conjugate left in solution after

20 incubation. The % decrease in concentration of conjugate is equivalent to % conjugate
binding to the CpG/Alhydrogel. BALB/c mice (n = 10 per group) were immunized with
10 pg of different conjugates by intra-muscular injection in the presence of aluminium
hydroxide (alum; Alhydrogel-85: 40 ug AP**) and 10 pg CpG 24555. At one week post
the seocnd immunization, ®H-nicotine (0.05 mg/kg nicotine containing 3 pCi *H-nic) was

25 administered by |V injection, blood collected, animals perfused, brains removed, levels
of *H quantified and % change in *H-nicotine in blood and brains relative to control

animals was determined.

SEQUENCE LISTING
30 SEQ ID NO:1 is the nucleotide sequence of immunostimulatory oligonucleotide
ODN CpG 24555.

DETAILED DESCRIPTION

In one aspect of the invention relates to a hapten of the formula (1):

8



Bromde (iii) can then be converted to unsaturated cyanide (iv) with
acrylonitrile, under palladiumcoupling conditions, using a suitable

pal | adi unweaorieesisoguch as 5pal l adium (11) acetate or PCT/IB2011/052446

tetraki s(triphenyl phosphine)palladium in the presence of a suitable
phosphi ne |igand, such as tri(o-tolyl)phosphine or trifuryl phosphine, in
the presence of a suitable base, such as sodi um carbonate, triethylam ne or
N- diisopropylethylam ne, in a suitable solvent, such as acetonitrile or

1, 4-di oxane, at a tenperature, typically, around reflux. 10Hydrogenation of
(iv) togive (v) is typically carried out using a suitable catalyst, such
as pal I adi umon carbon, pallad um hydroxiH §6§écarbon or platinumon
activated charcoal, under a hy eng S in a suitable solvent, such
as net hanol, ethanol or ethyl acet |_at| a t%ggfrature typically around
roomtenperature. Reduction of nitrig 2to ine (vi) is typically
carried out using a suitable 15 catal yst, such as Raney Nickel, under a
hydr ogen at nosphere (typically around @8pP-100 psi pressure) in a suitable
sol vent, h. Jret.hanol ~or L, he presence of concentrated
amoni a, g’ﬁgrglr}a@' éélg’f't??éobf"m?%?gg'ﬂ? v %Hc')und 40-70 C. The formation
of am des of tlypeae embodimengVlisingesitioea, Dot 6 ohttkerpysdinedagd |iterature

conditions. T j 1) . er t 1.aci.d chloride using a
suitabFe 20chp§ %ﬁggf%ébg%g%ﬁ€Vgﬁdﬁggéﬁ%&§s§$8éﬂﬁ%ﬁéhgbbr t hi onyl chl ori de,
in a suitabl e Is@hothet embaedimeats Wlisck.or onet hane or tol uene, optionally in

t he presence .C.: Suit t eppert e typically between
0C and room tgtﬁﬁg%gm’%bg & %};’ﬁ? @Fﬂag]rdi\@ié@ ﬁé{ﬁﬁgg%‘ggﬁe@g@?ﬁg U ith the
amne (vi) in the presence of a base, such as triethyl gmsme\or

di i sopropyl ethylam ne, in a suitable solvent, such dihl gr onet hane or
toluene, at a 25 tenperature of between B¢Nan :
Alternatively the acid (vii) can be WD 2011/15180%PCJJ | B2@H4{ 052446
converted to dnsdutidslembadimendttbe haptesiises with a coufl i ng agent, such as
T3P, EDCI.HCI, EDC .M, HBTU, HATU, , DCC, or CDI, in a suitable

sol vent, such as di chl oronet hane or F. }n the presence of EDCI.HCl or
EDCl . Mel, HOBT is optioqgg ad ytabl e base, such as triethyl am ne

or diisopropyl ethyl am neNis : nd the reaction is typically
carried out at rooi]igiﬁé?awyre. RCl H3 (1) (ix)
HoN CH
AN 3 K/NH2 or

N

)

H

o B
HN" >~ | NN
> CHjs
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In another embodiment, the hapten is
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In a further embodiment, the hapten is
In a second aspect, the invention relates to a hapten-spacer conjugate of the

15 formula (ll):



H2N, -OH (X) H2NOH FI 41,\ CH3 H2NO Nr Scheme 3 1-1

WO 2011/151807 PCT/IB2011/052446

0 H

N H
X—(spacer) \—\ A
W=
L~

N

gy
O’Z\)
u

W

(m
wherein W is -CH.- or -O-; -(spacer)- is a C4-Cg alkylene group, a C3-C1g cycloalkylene
group or a C4+-C+» alkylene group interrupted by 1 to 4 oxygen atoms and optionally
5 interrupted by a -N(H)C(O)-; and X is -NH, or -SH.
As used herein, an ‘alkylene group’ is meant a -(CHz),- group in which n is the
required number of carbon atoms. As used herein, an ‘alkylene group interrupted by 1
to 4 oxygen atoms’ is, for example, -CH.CH,OCH,-, -CH,CH>,OCH,CH,OCH>- or
-CH,CH,OCH,CH,;OCH,CH,OCH,CH,OCH,CH,-. As used herein, an ‘alkylene group
10 interrupted by 1 to 4 oxygen atoms and interrupted by a -N(H)C(O)-' is, for example,
-CH2CH,CH20CH,;CH2OCH,;CH;OCH2CH2,CH;NHCOCH,CHa-.
In one embodiment, W is in position 2, 5 or 6 of the pyridine ring.
In another embodiment, W is in position 5 of the pyridine ring.
In a further embodiment, W is -O-.
15 In another embodiment, W is -O-; and W is in position 5 of the pyridine ring.
In one embodiment, -(spacer)- is a C4-Cg alkylene group.
In another embodiment, -(spacer)- is a C4-C4o alkylene group interrupted by 1 to
4 oxygen atoms.
In yet another embodiment, -(spacer)- is a C4-C12 alkylene group interrupted by 3
20 oxygen atoms and interrupted by a -N(H)C(O)-.
In one embodiment, the hapten-spacer conjugate is
0O

\
CHj;
The following further embodiments are envisaged:

(i) a hapten-spacer conjugate of formula (II) as described above, wherein W is

25  -O-;
(i) a hapten-spacer conjugate of formula (Il) as described above, wherein W is

-CH5-;

10



- N 11 CH NGB (xii) NH2 Deprotonation of (i) can be carried out with
a suitable base, such as the super-base nBuLi-Li DVMAE (formed by reaction of
n- but yl | iwbi2onvasigon di net hyl am noet hanol ), in 10 a suit ablraBmol/veate such
as hexane, toluene, hexane/toluene or hexane/ THF, at a suitable
tenperature, typically of between -78 C and 0C. The resulting anion can be
quenched with a suitable chlorine source, such as hexachl or oet hane or

Nchl orosucci nim de, at a tenperature of between -78 C and room t enperat ure,
to give the two chI oropyridi ne anal ogues (ix) and (x). 15Chl oropyri di ne
anal ogues (i x),, Sl X) can be c_onverted to am nes gi?ﬁ’ld and Xii) using

et hanol ami ne, () & -%Pag@r%v%tﬁoafﬁﬂf%&ataarﬂesc QPQY‘?I@ B suitable
strong basmboditehtsyd anaqii)WhérgmrX @eser, potassium tert-butoxide, at a
tenperature of 5 ically between 50-100C. WO 2011/ 151807PCT/ | B2011/ 052446
(xiii) P=protd¥ %@?"P’ °°”JU93te. of formula (1) asideseribed g9ove or iy (xyvi ) oMs, OTs
HF P?. N@mbodmﬁnfﬂ (|) to (iii), wherein W is in position 2, 5 or 6 of the pyridine ring;

(v) a hapten-spacer conjugate of formula (Il) as described above or in

[3)]

embodiments (i) to (iv), wherein W is in the 5 position of the pyridine ring;

(vi) a hapten-spacer conjugate of formula (I1) as described above or in
embodiments (i) to (v), wherein -(spacer)- is a C4-Cg alkylene group, a Cg cycloalkylene
group, or a C4-C4, alkylene group interrupted by 1 to 4 oxygen atoms and optionally

10  interrupted by -N(H)C(O)-; and

(vii) a hapten-spacer conjugate of formula (ll) as described above or in
embodiments (i) to (vi), wherein -(spacer)- is a C4-Cg alkylene group.

In the following schemes, which depict general methods for obtaining the
compounds of formula (1), the substituents are as defined above for the compounds of

15  formula (1) or derivatives thereof, unless otherwise stated:

. %fj% P

(i) (ii) (iii)
Scheme 1

Boronate ester (ii) can be formed from the reaction of (S)-(-)-nicotine (i) with a
suitable iridium catalyst, typically methoxy(cyclooctadiene)iridium(l) dimer, a ligand,

20 such as 4,4'-di-tert-butyl-2,2’-dipyridyl, and a boron source, such as
bis(pinacolato)diboron or 4,4,5,5-tetramethyl-1,3,2-dioxaborolane, in a suitable solvent,
such as 1,4-dioxane or THF, at a temperature between room temperature and reflux.
Boronate ester (ii) can then be converted to bromide (iii) using copper (II) bromide in a
suitable solvent system, such as methanol/water or ethanol/water, at a temperature of,

25 typically, between 60°C and reflux.

11



O CHO (vii) Rrepesents X-(spacer) Hf R NN>i N H 1 LN CH3

10

15

20

25

WO 2011/151807 PCT/IB2011/052446

H ‘/>
x H
P CH; \ \
IV)

N
(iii)

wherein R represents X-(spacer)-

5 R% vn)
/ CHy

VIII) (vi)

Scheme 2

Bromide (iii) can then be converted to unsaturated cyanide (iv) with acrylonitrile,
under palladium coupling conditions, using a suitable palladium source, such as
palladium (Il) acetate or tetrakis(triphenylphosphine)palladium, in the presence of a
suitable phosphine ligand, such as tri(o-tolyl)phosphine or trifurylphosphine, in the
presence of a suitable base, such as sodium carbonate, triethylamine or N-
diisopropylethylamine, in a suitable solvent, such as acetonitrile or 1,4-dioxane, at a
temperature, typically, around reflux.

Hydrogenation of (iv) to give (v) is typically carried out using a suitable catalyst,
such as palladium on carbon, palladium hydroxide on carbon or platinum on activated
charcoal, under a hydrogen atmosphere in a suitable solvent, such as methanol,
ethanol or ethyl acetate, at a temperature typically around room temperature.

Reduction of nitrile (v) to amine (vi) is typically carried out using a suitable
catalyst, such as Raney Nickel, under a hydrogen atmosphere (typically around 50-100
psi pressure) in a suitable solvent, such as methanol or ethanol, in the presence of
concentrated ammonia, at a temperature of typically around 40-70 °C.

The formation of amides of type (viii) can be carried out under standard literature
conditions. The acid (vii) can be converted to an acid chloride using a suitable
chlorinating agent, such as oxalyl chloride or thionyl chloride, in a suitable solvent, such
as dichloromethane or toluene, optionally in the presence of catalytic DMF, at a suitable
temperature, typically between 0°C and room temperature. The acid chloride can then
be reacted with the amine (vi) in the presence of a base, such as triethylamine or
diisopropylethylamine, in a suitable solvent, such as dichloromethane or toluene, at a
temperature of between 0°C and room temperature. Alternatively the acid (vii) can be
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(xviii) Schene 4 Bromide (iii) can be reacted with a protecting
group carrying al cohol (for exanple benzyl alcohol or, preferably,

p- met hoxyworayl/#igsohol ) usi ng a suitabl e base, typical |l yChIBmdi/odndoydri de,
in a suitable solvent, such as DM or NWP, at a tenperature of typically
around 90-130 C. Renoval of the protecting group to give (xiv) can be
carried out using standard literature nethods (for exanple, for the

p- met hoxybenzyl al cohol, a suitable acid such as trifluoroacetic acid can be
used). Al cohol (xiv) can be converted to protected am ne (xv) (the
protectingw%;oug is 10preferably mez usi ng a suitable alkylati%g %gent
(xvi), suEpnveaed taapyifble sptivgted species Wil g cayRling aqanty sychas Tsb, ERCLECT,

pot assi UNEpE!.MRNHBTOHARE PYBIHCBCLOHAEHD!, ir & s@itabWd $oNang steh ¥§nt , such as
acetonitrile or DMF, at_a temgerature of tﬁf'ﬁa" bet ween 80 C and refl ux.
Depr ot ect PisRlommethaneor MF ¢ iiihg @resepee eF ButH L&’i'—zr\i:bc'é\f'eajnﬁ% Biterature

et hods, bgtidhialeadded. iA suitable b2%88UcR as ft@dthyi&Aine &5 QiigtprddytBidmipe g ect i ng

group, the deprotection 15 can be carried out usjing a .suitable acid source
such a3 t?'??l”g‘?ffafé‘gﬁ?de%?’a ISP e %‘ﬁlaBF‘%%teFﬂ’eé?tBﬁ‘ﬁtabl e sol vent such

as 1, 4-di oxane, THE_or di chl or omet hane). Formati on of am des of type
(xviii) can be gakeri out under standagd:zlinherature conditig The acid
(vii) can be NVE d to an acid ch i O ing a suitapl'esgchl @grinating
agent, such|as xal | chtori+de=or ti chloride, in St t bl e sol vent,
such as dic @ met Helte or tol uepe onalds i A" he ence Opf, catal ytic
DVF, at a suitable 5 tenperature;” typrcally of between OC are room

t enper at ur e. The(i?cid chl ori de Cehl’)]( t hen be reacted vvitB the amine (xvii) in
t he presence of a’ base, such as tr?eth | am ne or diiso F%p | et hyl ami ne, in
a suitable solvent, such as 'th hane or tHyNggya\ at| a tenperature of
bet ween OC and roomtenperature. Alterpatively the acidQWVji) can be
converted to a suitable activated specyes with a coupling ygent, such as
T3P, EDCI.HCI, EDCI.Mel, HBTU, HATU, PyBop, , or CDI, in ,a-sttable
sol vent, such as dichl oronethane or DMF.HAa t presence of '&bCi )HC or
EDCI . Mel, HOBT is optionally added. st abNe base, su triNet hyl am ne
or diisopropyl ethyl am ne, hsNaI so usgd 8 dt i eactionlis _typi Y
carried out at room tenperatunre: ermatively,” the am n&N{xWi) can be
reacted with acid anhydrides or |actones to prepare furthe;E;b derivatives
%

of general structure (xviii). For exampl e, g-butyrolactawnig or

gt hi obut yrol act one can be used as the acyl source in this , or for
exanpl e an anhydride such as succinic or phthalic anhydride t'o provide
derivatives (xviii). HHO>'-' ,N\H SchémeB NI ? | 2. N-: CH3CH3 N (ii)(xivV)
Schene 5 20Al cohol (xiv) can al so be prepared via boronate ester (ii) using
a suitable Deprotonation of (i) can be carried out with a suitable base, such as the super-

base nBuLi-LiDMAE (formed by reaction of n-butyllithium with dimethylaminoethanol), in

10  a suitable solvent, such as hexane, toluene, hexane/toluene or hexane/THF, at a
suitable temperature, typically of between -78 °C and 0°C. The resulting anion can be
quenched with a suitable chlorine source, such as hexachloroethane or N-
chlorosuccinimide, at a temperature of between -78 °C and room temperature, to give
the two chloropyridine analogues (ix) and (x).

15 Chloropyridine analogues (ix) and (x) can be converted to amines (xi) and (xii)
using ethanolamine, preferably as solvent and reactant, and using a suitable strong
base, such as sodium hydride or potassium tert-butoxide, at a temperature of typically
between 50-100°C.
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oxi di sing agent, typically hydrogen peroxide, and a suitable acid, such as
acetic acid, in a suitable solvent, such as THF or 1,4-dioxane. In athird
aspect, twe:2nvemoron relates to a hapten-carrier conjugaeraBwil/hizasul a
(Irr) wherein Wis -CH2- or -0-; -(spacer)- is a Cl1-C8 al kyl ene group, a
Cl-Cl2 al kylene group interrupted by 1 to 4 oxygen atons and optionally
interrupted by -N(H C(0)-, or a C3-C o 5 cycloal kylene group; mis 0 or 1;
X* is -N(H- or -S-; nis an integer from1l to 1000; and Y is an optionally
nodified carrier protein selected from bacterial toxoids, inmunogenic

substances, viruses, virus-like particles, protein conplexes, proteins,
pol ypeptides, |igposones gngyi nmuno-sti nul at conpl exes. In ggrtann
enbodi nmen is”a\di pht heri a toxigl or 97. _10Far 41Q Rf the

haptens to the c rrigg protel ns, R’he | olrow '?Q\g nmet hods ar r&gi ve.
The carrier ei n, “stich as di pht her{ a_t oxoiCth;( DT) or Q7. for exanpl e,
can be activated by treatment with an Bnhydride, for exanple succinic
anhydri de, to..ﬁroduce a derivatized v &lii ion of the carrier protgin (xix).
This derivati (8 can then be coupled to a hapten (xvii) in the presence of a
standard coupling reagent by conv r‘%rf’%ﬁt"?é’r ¥ a suiP tli vated, speci es
with, for exanple, T3P, EDCI.HC, EDC .Ml , HBTU HA ,X\,IgyBopoa(Ni)%j%S’ or CDI,
in a suitable solvent or buffer (such as Dul beccos' Phosphatle Buffered
Saline). In the presence of Ebgj HCI or EDCI.Mel, HOBT or

Nhydr oxysucci ni mi.de gor dlgat versions thereof) is optional]yaided and
the reaction *H;é\l/t?pl/ca A arr"ied out at room terperal U@ oL V| de t he
conjugates ()x). Alternatjivel yCcH20 t h&succi nyl ati Hn/ deri viati b‘n step
may be omtted, and diredt coupling of the hapten to free oxy|CRg oups
on the carrier protein can be carried out using the above
provi de the conjugates ()ociv). Alternatively, the carrier ()[()Vrotei n may be
treated with an al Dernat|i ve derivati zi ng reagent such as br®foacetic acid

N- hydroxysucci R deviif 4 G éBesen@el-ispadelized species (xxi), which may be
treated with a 25tbHol - gont al ni ng hapten () WD to provide the conjugate
(xxiii). O HSLN1L---1""""- HI1% (odi)-..... Nefr...... . 30 Protei nHNBr

Protein HN (i) O00OHCH3 ()@d'_gl/)\&l 0
R7 NN NN
H | / E3H3
N
(xviii)
Scheme 4
Bromide (iii) can be reacted with a protecting group carrying alcohol (for example
benzyl alcohol or, preferably, p-methoxybenzylalcohol) using a suitable base, typically
5 sodium hydride, in a suitable solvent, such as DMF or NMP, at a temperature of
typically around 90-130 °C. Removal of the protecting group to give (xiv) can be carried
out using standard literature methods (for example, for the p-methoxybenzylalcohol, a
suitable acid such as trifluoroacetic acid can be used).
Alcohol (xiv) can be converted to protected amine (xv) (the protecting group is
10 preferably BOC) using a suitable alkylating agent (xvi), such as a halide, mesylate or
tosylate, and a base, such as potassium carbonate or caesium carbonate, in a suitable
solvent, such as acetonitrile or DMF, at a temperature of typically between 80 °C and
reflux. Deprotection of the amine can be carried out, using standard literature methods,
to give (xvii) (for example, for the case of the BOC protecting group, the deprotection
15 can be carried out using a suitable acid source such as trifluoracetic acid or hydrogen

chloride in a suitable solvent such as 1,4-dioxane, THF or dichloromethane).
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H2N- N O Proteirr)LN-,N CH3 ()QdV) Schene 6 The foll ow ng enbodi nents are

envi saged: (i) a hapten-carrier conjugate of fornmula (Ill) as
descri bedwabkouelsistherein Wis 5-0-; (i) a hapt @ecTanzoii/es2440nj ugat e
of formula (I1l) as described above, wherein Wis -CH2-; (rii) a

hapten-carrier conjugate of fornmula (111) as described above or in
enbodi nents (i) and (ii), wherein Wis in position 2, 5 or 6 of the
pyridine ring; 10(iv) a hapten-carrier conjugate of formula (Ill) as
descri bed above or in enbodinments (i) to (iii), wherein Wis in the 5
position of the Ryrldlne rin ten-carrier conjugate of

formula (I11) ¥ BE%’b?l%%'ﬂe%%fJV%e G ??’b%&)?ﬁﬂ' ﬂ‘t‘té’"FFS stagdard Jiieratificer ei n

(Spacer)coridﬁlo'hsCTh%c@'(%M'cﬁﬂ@e@bm&ted%%a@M@h%HK)&biﬂQ% sﬂﬁt@lbl@ or a Cl-Cl2
al kyl ene grou interru en atons and o tional

te
15i nt er r upIRENI agpy) %{C@)as 3;‘3'3" Stiorie ‘IF\F'(%?”)& Chigpge A EéP ghle S@lﬁ?ﬁ/@’&t‘e of
formul a (h$ HithRfonsRgrd meluaﬁmwn@ﬁauyrh BiaeskienBe bicdtalytid DMET ata suMableei n

- (spacer

formul & (F’I"PBer%tHredB’ﬂf’tah%%fobeé‘ﬁ%%o&aréjt(:@SF%fF’a o tenﬁﬁ%?"%@eﬁg‘@”gﬁa P"“’?gt (ev?;,

wher ei N Mthed He;re&dtad ith ttﬂe éhamé @E\mmrthe 9fes§ﬁkEH Mgaaﬁa&e0§udhcsrsrfuétayléhide)oras
descri bed above or accord ' [

% enbodi nmen %eﬁ IH% V\ﬂerel n the
carrier i 9ISORrQpYIEIYIAMING, "r‘rﬁ PF‘?QJ RISV RtesUs ?él 958’“ Petolene. & oi d,
di pht her i enipexstufé dbefl@fdn\(BCI a@Tobh asapératine. hAI@é?rnélﬁ/@Mtﬁé la6id if) 28k be
di pht heri a t oxoi CRMF?(T)1 (g%hol e |inpet henocyanin l;z%% %ngﬁ)ﬁl
al bumi n, ERRVERE pullblegdiivater spetipt with Wgﬁgﬁﬂtrﬂé‘? 3 H%l tidis,
the B1gubgndl. Med, HBTU, HATU, PyBop, DCC, or CDI, in a suitable solvent, such as

dichloromethane or DMF. In the presence of EDCI.HCI or EDCI.Mel, HOBT is

optionally added. A suitable base, such as triethylamine or diisopropylethylamine, is

also used and the reaction is typically carried out at room temperature. Alternatively,

the amine (xvii) can be reacted with acid anhydrides or lactones to prepare further

15  derivatives of general structure (xviii). For example, g-butyrolactone or g-
thiobutyrolactone can be used as the acyl source in this step, or for example an

anhydride such as succinic or phthalic anhydride to provide derivatives (xviii).
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(if) (xiv)
Scheme 5
20 Alcohol (xiv) can also be prepared via boronate ester (ii) using a suitable
oxidising agent, typically hydrogen peroxide, and a suitable acid, such as acetic acid, in
a suitable solvent, such as THF or 1,4-dioxane.

In a third aspect, the invention relates to a hapten-carrier conjugate of formula

(lhy:
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10 heat-1abile Escherichia coli, reconbi nant exoprotein A from Pseudononas
aerugi nosa (rEPA) and virus-like particles such as those assenbled from
reconbi nawo 200zt519970t ei n of bact eri ophage Qb; PCINBZ11/052446

hapt en-carrier conjugate of fornmula (111) as descri bed above or according
to enbodinents (i) to (viii), wherein the carrier is a protein selected
fromdi phtheria toxoid 15 and CRML97, which are optionally nodified,

(x) a hapten-carrier conjugate of formula (Il1) as descri bed above or
according to enbodinents (i) to (ix), wherein the carrier is optionally
nodi fi ed CRML87; (xi) a hapten-carrier conjugate of fornmula (111) as
descri bed above or adcofding to enbodiyvents (i) to (x), erein nis an
integer inthe rangelof 1 to 40‘320(kﬁ ) a hapten-carrier |conjugate of
formula (111) as desqgr|bed above ording to §ﬁﬁye ts (i) to (x),

wherein n is an int Xr—{dpacerange o to > (xiti) a
hapt en-carrier conjugate of formula (IA)) aﬁ—dhscribed\gg ve or according
to enbodinents (i) tg (xii) or as described ab Z whe the carrier

protein is a nodified.succinylated protein. 25D phtheria tigkin is converted
to di phtheria toxoid by incubation at 37C in the presence of fornmal dehyde
and ot her excipients for between 4 to (B)weeks. This treatnent creates a

i gnl Y or Gherch] WKESCRL 31 6bn Rbalif). & PBERSANTITBIFALY BCAE) S iehdBlaupender s

the protein non-toxic” but NS its inmunogenicl

protein amtqrupéadcbmbt%‘hﬁxygen ajnas andhoptionaky IhteH@D@dém-bld")Cé@H oraChben used
as an i i f 0 f S, as
an al terna){l ve'to ?S%di?rp dé%if?ﬁﬁso fy O?Cérobésgc%]w e;Igfeyﬁ'{;ﬁ‘)p@10@|b’s£{a Yo}
commer ci allisamoptidnathy @omﬁe@naruﬁb@rn}a;gaﬁle@ecﬂ tiom bastesiabigreids, yaownagenigai nst
di pht heri t i i r us and
acel [ ul ar g%%?%rﬁgélvs"‘a%%gs BE%QI@PRM& %?otéﬁ&gm?%g?éj p?&hmge'?\ pe ﬁ?%;

det oxi f i eliPasemes @nd snmyhestimuleting eemplexest ender ed non-t oxi ¢ by a single

poi nt  mut ati on, efrtén Qh%%ﬂl'ﬂ?enfse@'lg'a\?{ ﬁfh&%%%a Qﬂc #.f,0r a glutam c acid

resi due. The nutation renoves protein to bind to NAD+,
and ad0such, tfias aaghireen of ﬁleéWﬁJEBffﬂﬁttQ thel qayrlqrrwaz,telns/,éhe fadlewing raethodsarence of

cross- i “{ﬂH&Ebtuv&hﬁ]eoéa%égP?tbﬁn é’tr %Q{ﬁhtﬁ'&i'&’ﬁﬁ&ﬂﬁT '@@Mlg‘?‘rfor"\é%!agriﬂe product

t han di phtheria toxoid e i nactivated preparation o

di pht her i gan be<aﬁlva@dwgwaﬁagntwlw@rb%@udu%éprﬁa@pl@aﬁursme&c q@hmr&entor or the
coner Ci ak)llo\ﬁu@%/ gigb tn‘Ee@Oér’snoH%?H%%ﬂ?&?:}ot&nﬂ%w?h&ro%ﬁ%ﬁ%tca viar (r)

Pfizer). ourt ect, the invention relates to a net of maki ng

ni coti ne- Q@mleﬂb@ allmepRp SN Herpresense of 8 glandardeougingiepge bm@v‘eerswn
conprigi n 8|e%t.aéteee§é&égadv.w fmmp%d THRIEDHEN BDE MeliHBT

ni coti ne- er|ve ten of forml or a hapten-spacer conjugate of
fornul a (HAYU, B?}B%QQ‘? bﬁ@tﬁbb\?eswtﬁweéé't"?@ﬁ% béﬁﬁdél—'?fb?ﬁt Bulbeerosat t achment of
the hapt epgodihald Buffciéd 58ineh! RLthé BRostAt HIEEIONECI &t EDCYMeI WIOBH JFiNi i zes
the nunber of carrier proteins which are |inked 15 together. In certain
enbodi menbydroxyseceinimise (opsultaied yessions theegoflds ppiinally a anerthe seactiaisist han

o% 1 ess hpRAINOHied Bttt hd tehibrat RS orbVAd 8 Yonkiaiss LBaMIGRTKREY] ess than

30% of the total nunmber of carrier protelns. a preferred enbodinent, the

i nveni2p onthesuseiyation/derivatizagien stepmeay bﬂ;oralttﬁdcztm m@cﬂ@uwrwom@hewee arrier
conj ugat etPfed &Hrﬂ&&!yﬁgr()hbé on trfésca%’ér‘brrétéiﬁ%aﬁ'%‘é\e%rne\&*wt 8&iRg 4 a?BovbS - NH-,

conprising treating an optionally carrier proteln\Mt

sul f 0- Nhy meﬁsgd,s,@Qemdmﬂmescorﬂwﬂateﬁ/@&vby\ltgmétwﬁ}v,Ifzae gastien pretelfymayde opr opyl )
car bodi i njrdgtefWith @hHiteFiatle dérﬁ/%ﬂzﬁ@'?ﬂa?ﬁntasd&ﬁ%%rﬁ&aéeﬁé guga-(1) or a

hapt en- spacer conjugate of fornul descri bed above, wherein X is
-NH2. In HYf"a}l‘XséPfH%im'QPetoé'?’@cﬁji’?fE’ﬁi'zedt%P@"ieﬁ\%ﬁ% Whish maayhedtzeated Withet hod  of

maki ngs a aﬁbuiéaﬁfewhgcmp&érﬁ(rxxm@b%qheEorfjegdwt>a<...§I I1) as described above,
wherein X* is - , conprising treating the carrier protein with succinic
anhydride to glve a nodi fied succinylated carrier protein; treating the

nodi fied succinylated carrier protein with sulfo-
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N- hydr oxysucci ni m de, followed by 1-ethyl-3-(3-dinethyl am nopropyl)
carbodi i m de hydrochl oride, then adding a hapten of formula (1) or a

hapt en- spsioenticemoagat e of 30 fornula (11), as descri be@#CahbBual/odher ei n X
is -NH2. In an alternative enbodi nent, the invention relates to a
met hod of meking a hapten carrier conjugate of formula (111), as described
above, wherein X* is -S, conprising treating the carrier protein with
bronoacetic acid N hydroxysuccinimde ester, then adding a hapten of
formula (1) or a hapten-spacer conjugate of formula (11), as described
above, wherein Xis -SH Ip a fifth aspect, the invention relates to

vacci nes (or vaccine co/rr\gﬁiwti ons) H ;Lc\prrpri sing a plurality of

hapt en-carrier conj ugi8es oNTof NI), as defined above, 5 and one or

nore adj uvants. Exanpl es of "agig)ta adftieant s are thkpse known t

anti body r ¢sREMSKS ant i gevts) incl udi i ti bo respon fagdai nst
the nicotine hapt%ﬁt\ en iT 15 coupl ed ﬁﬂ(gelgﬁg rrﬁmgﬁpﬁu nts are
wel | known inGebe“art (J.C. Aguilar, E. G RodFiguez, xfigvi ew. ~Nacci
Adj uvants Revisited, 2007, Vaccine, 25, 3752-3762). (The 10 adj uvant may act
by one or nore nmedhani sns i ncluding direct innate innmune activation,
creating a depot, |or acting as a delivery vehicle for the antigen. The

adj uvant that acts by direct innateé®inmune activation may be an agonist for
a Toll-Iike recer_pt or (TLR) includi t gt | ighted e ilized poly
|: C that activat'éS®® R3 —a FEP0ENT ve of 1 i popel ysacchatj de stieh as
nmonophosphoryl -l1ipid A (MPL) or G (&bpyr@nosyl Lipid 13 Ndj uvant (GLA) that
activate via TLR4, flagellin that activates viJa TLRS™®mal | ol ecul es of

t he i m dazoqui noloi ne Ham) y such as I m qui nod |or resiquinmod that activate

via TLR7 oH.NLRE tW TLR7 and TLR8, ol i gowi bonucl eoti des (ORN) t hat
activate via TLR7 / orCH{ R8, and ol i godeoxynucl eotides (CODN) cont ai ni ng
CpG notifs thatggti vate via TLRI, The CpG TLR9 agedists may be of the
A-C ass, B-d asgs,g -Class or P- Z8oEnENs ~w h/t}r/whal ogenati on of
the 5 T known as ar E nodification, andoray b¥ madelyit h @Hyhol |y

phosphodi est er backbone, a wholly phosphorot hi opat e backbone, a chineric
backbone, a "sem -soft" backbone that is vvhol(’f’? phosphor ot hi oat e except

bet ween the cyfosi nes ang gTJ‘gnosi nes of the CpG notif. The adjuvant that
acts by dipmg,g)L'rmmaI/ j nR”activation may act through a non-TLR

mechani sm such Hs QS| 5 @H,0t her sapon ins. The adjuvant may be an
al um nium salt that a(itNas both a depot systemas well as an innate imune
activator via the i®Yammsone. The aluminiumsalt is preferentially

sel ected from al um ni um hydr oxi de ogcRbmgig) um phosphate. The al um ni um
hydroxide is preferentially Al hydrogel original or Al hydrogel'85. 30The

adj uvant that Brifsldwir@eebodiplchts dreenasagddt vati on and delivery vehicle may

be an inmmune stinulatory conplex (I ch as | S TR X, __The

adi vant that el haRpT sRreT GaeaeofPEpUR (5es AEsrBe R FoNBPEIINS

conpl eges,onanocapsul es, nanoparticles, mcrospheres, mcroparticles, or

vi rosones and fthese y have npi eti on their surfaces for the purpose of
Var geting o dpoenepErcaniyr coppage o feria (1§ aneipenetare M nILEd oyst em

i ncl udi ng-gHJ--i n-wat er enul sions, water-in-oil enulsions, mcelles, mxed

el si on may. B ARG R BRLRR GaR P e BB SRS AR Ohly e o

emul s1 on nmay = . e a

\(”C|ro (C);sorre. emBoéifents) andj(f)yahéreinalas meldeibr@, §beBl0bNe pyritipediagxynucl eot i des
1:0 )

embodiments (i) to (iii), wherein W is in the 5 position of the pyridine ring;

(iv) a hapten-carrier conjugate of formula (1) as described above orin

(v) a hapten-carrier conjugate of formula (lll) as described above or in
embodiments (i) to (iv), wherein -(spacer)- is a C4-Cg alkylene group, a C; cycloalkylene
group or a C4-C12 alkylene group interrupted by 1 to 4 oxygen atoms and optionally

15  interrupted by -N(H)C(O)-;
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alum nium salts, Q521 and | SCOVS. Preferred CoG ODN are of the B
Class that preferentially activate B cells. In aspects of the invention,

t he CpG GBN2has1st8ee nucl ei ¢ aci d sequence 5' PCT/IB2011/052446
T"TCoETCeETT*T*T*T*CEET*GCTT*T*T 3 (SEQ ID NO 1) wherein * 10

i ndi cates a phosphorot hioate |inkage. The CpG ODN of this sequence is known
as CpG 24555. As used herein, the term "oligodeoxynucl eoti de" (CDN) neans
mul ti ple nucleotides (i.e., nolecules conprising a deoxyribose sugar |inked
to a phosphate group and to an exchangeabl e organi c base, which is either a

substituted pyrimdine 15(e.qg., cytosine (C) or thymdine (T)) or a
substituted puvd ﬁé‘a{’@.“gc.afrgeé&gwﬂ%te@i%”@k"adugﬁ?ﬁ’és‘(ré%’ .abRMR:‘igre'?’c aci d

nol ecul esemBbdiRRniql)a (OIwherRin f3pasbhnig Q1LCH fkylerei d sources (e.g., genonic
or cDNA), but are preferably synthetic (e.g., produced by nuclei¢c acid

synt hesi s) . G(V'Q&'Plﬁﬂt"éb??rﬂ%%/c%ﬁ@?wfﬁ?fﬁé'%glﬂ)cﬁsfﬁ‘ﬁﬁ'i'@q“i ggeaccording to

rel ati V|e| émb@?ihféhtsf‘(t)_t%@i)d%é@ﬂﬁh rrniifj)o; i {1 vi ;/o (e. gb, _via endo- z'\a/g;:l ds i

exo- nucl eases), . .provi di ng enhanced acti vi n Vi VO ods for
synt heSi s and (c‘f'Hg‘ﬁﬁ%%FP"'ﬁ'g'iﬂPf P%’h\tﬂqaé‘hmgff’"@l"ﬁélikﬂ%& 'P%@b%i’reé”@ﬁ%‘)%a'”ﬂo t he
ski || ed pgy&fbodinents (i tel@B) whBrRsh the @arrx &N éptioRallytho@idl frotedrt Sdlectéd 990) ,
Chem Rev, 90:543; f onucl e@tl des and Anal ogs" aSa/nt hesi s

: "Protocols for, Ai

and Propeff?ﬁf‘égta&ui:,?ﬁ?'ﬂeé'P%tﬂa%mAﬂ'Qijgﬁ‘é{’lt"’% RO §ech asnonaboxik fpyftantey

Phar macol PHneRatI R Oy ARYR0G e oRiBocyGnih (KEHR hembd e, S R nt h

Vet hods  704EE Meprang Aotgi ‘g’d‘?ﬁiﬁ @?ﬁ’ﬁﬁa@% ejsseria m?@w'sitisf?, @3?{3 Bouslof hesi zed

de no?m Uﬁéﬂ@a@l@fs@ﬁer&;ﬁi&ﬁﬁﬁl ,efeceﬁbmaﬁm@p_ d_trcﬁéintwﬁftrdm Pg@uﬂbnﬁdha%fagn@li_ﬁosalzoa

exanpl e, -cyanoetl ny DNOS ora Ite ne eaucage, . ., .ahn

Ca P her S UEBAP A DR porfiies a6 o6 Tisse geeambing dpegeriBh eesaraleir o

met hod 306(dcegdphags Qb; (1986) Tet. Let. 27:4051-4054; Froehler etal .,

Gor by At al () 8 a8y chler COBROASY SETUBIAN 55 kbl R HGPRIEEn be

Yy AN i S . = .
Pﬁr for Wﬁdtelblﬁoc&iméﬁfsi (Bt (vail), v.ahértéiﬁglﬁ@darﬁélcib %;p?otém;jségeﬁzwﬂfﬂﬁﬁ id?)ﬁfr?ria‘t'@ioicﬂm e in
e narkKet. e 0Ol ] gonucl eo es_r_reerre 0 as syn etliCc

ol i godticl 884 Egg@."’ Nhl?ﬂ@f"eﬂptﬁgéh%@ﬂ%@e‘guch as phosphor ot hi oates may be

synt hesi zed ugik)ghaptbeairiet corfudyte aliotm@alIpss deschibédabovel sy spberdmgitelat e or

Hphosphonat S(,hre]@' g%)tri s) ﬁr | - . and al kyilﬂ-p.lgﬁ phopat e oan_ be madg], e.g.,

a5 doscr i pEEOets) Xl Hpery thy Carer opionaly mediind CR%sor 1 i eot ors (1

N B, 035, S g o o o e e ng

oy of opigoA Bt o o RusEaN S s BN iREeE T e Taads o0 BURLT BXA backbone

modi f i2gat i ons (R apei-cdrtéd conjughvst frarila (I)Ssy ddserbddealpve Hhhmm:mc% o and
nj ugat e em

Peyman, A., K Chem ., 90: 544, 1990; .Goodchild, J. i 0CO

YR 1 QapStirats g O3 air U 2 nIoRt K e Ehas)ef 1938087 [ ne “deccr i bed i n
co]: pendi ng 10 @mpbirﬁ@ténmrmmr&gjnga@ﬂfLdi&ﬂ&?(ﬂlﬁ&'é%écl ribe@radbye ﬁmbd m’(fjgat edI :)y
reference.in jts enti.ret used together w an_.al un.ni u dr oxi de sa
Coch aeC alaSabtomts i B of S8 s BT Home v iedh 4% SRS 2% hoci ma. (or
vacci ne cmogified sucomylatedproteih.ng a hapten-carrier conjugate of formula (111)
as defined abqye,, and G 24555. I n,a further. enhodi npnt t e s provided
oS vaelhne  or WhnBRS B S S eBere RGP aHbaRen b G g, P O
ﬁogj uga'él epebefc stfbranaiddhlydie asd dibec exdigehta iwr \betwdep@ R4Hbéekdndhisn al um ni um
ydr oxi de

lt. | h nmbodi h i i ded i
e P e et ¢BABS Sty ERRS AR Bl Bl addBt PP g SRIaRE A L ar 1 r

conj ugat egendérsfthe prdtein (bNtoxic but retains its immunogenicity. The use of this protein as

a vaccine carrier protein is well documented, and has been used as an anti-

30 gonadotrophin releasing factor (GnRF) vaccine for pigs, as an alternative to surgical
castration (Improvac™, Pfizer). It is also commercially available in an unconjugated
form as a human vaccine against diphtheria as part of the DTaP vaccine to treat

diphtheria, tetanus and acellular pertussis respectively.
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HCF13 20(1V) wherein, Y is diphtheria toxoid or CRML97 and n is an

i nteger in the range of 1 to 40. In yet another enbodi nent there is
provi ded woOwvaticism®7( or vacci ne conposition) conprising EOGIBRAE B 244N

al um ni um hydroxi de salt, and a plurality of hapten-carrier conjugates of
formula (1V): (IV) wherein, Y is diphtheria toxoid or CRML97 and n is an
integer in the range of 1 to 40. |In yet another enbodi nent there is
provi ded a vacci ne (or vacci ne conposition) conprising an al um nium
hydroxide salt (e.g. A hydrogel), and a plurality of haptencarrier

conj ugates of formula wherein, Y is diphtheria toxoid or
CRK/ 1197 and rP|'¥'1%f§?é\?'?\%;'éﬁ”qu?t‘%’1'f@(drvﬁfﬁj‘§‘ gfrdinhtheyiaggxin, rendered NANERAE ai n

enbodi menbg a sthgleSpait rhithRGest d g]yéu’ﬁ‘@re%ﬂﬂl%t ?65|t30nt52 13Pa igfdrHigia¢rt resiuger t ai n
enmbodi nrents, n i s an in the r inclusive. In certain

enbod nen{Be mittengEmpYRde AOM af e prafkgeopince N n s see | n cert ai n
10enbodi mprikéin isherizgmafically iha@ﬂsfé abie ©hE dbsBMak Bf crﬁsﬂ;-ﬁnk]ﬂg tHé\pr@tyﬁ Biah

enbodi nent s, is 12. In certain enbod nt ce

enbodi Frenf“é’re Homggemus melecy &’efghém?&ti?tgg‘f‘ﬂ a'Ph'i'?eT'%t%S'd ??Pr heg

enbodi rrentnacwateospr&ﬁaratush SfdipHhdriseokiad Ummgﬁhasrhlsébé% used a8 dafidt

enbodi nent s nls 18. a@é % he coqu gg ﬁndlllons szlgfor t he
hapt en- caPtotelp %’Fﬁ%ﬁ’f‘ reialiy gvaligb E&fﬁ'ﬂ? GCBhvasEing et dFeyeart ) i ng

of carriepfiggrpt ei ns can be m ni mzed When carrier proteins cross-couple,

the resulting hapte carr| conjugate c ri ses |tiple carrjer proteins
coval ently or H&H°'é"§b%ﬁpéﬁt ig '8 fﬂ@@?ﬁ%n}lg"éﬁﬁ'&oqgu NEINEHERYLEi n as a

"“high 1gDLﬁ§ptbﬂrbaﬂﬁ’§Séor§my%\‘fés%‘s deschAb&PatdvaséompisingdupiigeariditionaMs s speci es,
as use er

en-carrier. con ereln a ortion of
Che " car r 1 EROIPSCRTR PR LEN Ba e G 9 APy SO | 1" & PR B o 1
certain ea@qa@d@aﬂarmmaI(l@sag)e@ga;na&;sgm@d that high nol ecul ar wei ght species
lead to a | ess effecti evac ref or certajn enbodi nts, the
bresent | nvent GRABETbEAHE, 1P achmentytbe hamroioahe GRast HERUBHEs! (| ons
V\ﬂer e|2 go/l Bs dohdlima \'ga@ wgig!)i/ %l?lhﬁi‘eslﬁ’é/mur’nbéﬁoﬁchﬁiér ﬁ@%\m Which bhamnked% | ]gzss ]
t han or ess t n (0] t he arri er rot el ns I C re 0] t he
ot 63 e AP LET 215 A AR EtS, (f BuBlrlsPirle protans Gikedroarndray lesS| ar
Mass Specthan)5%, less than h(n%cesé thah 18P QsbisTRal 20%1 1B8Ss R 267 ori lE8sthan B0%! el at es

to any of forenent joned v CI ne conpositions wherein at |east 70% at
| east 75%&&«3&% r@é%ca&f'eﬁ%ﬁ NS850, at |east 90% or at |east 95% of the

carrier prot euma phifefrBd @fdogiatent, dlie inkentloAptlatestaamethod onhalkeg &8s ar e not
cross- COUR cotlne derived hapten carrier conjugate of formula (l11), as described above, wherein
20 X*is -NH-, comprising treating an optionally modified carrier protein with sulfo-N-
hydroxysuccinimide, followed by 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide
hydrochloride, then adding a hapten of formula (I) or a hapten-spacer conjugate of
formula (1), as described above, wherein X is -NHo.
In an alternative embodiment, the invention relates to a method of making a
25 hapten carrier conjugate of formula (l1l) as described above, wherein X* is -NH-,
comprising treating the carrier protein with succinic anhydride to give a modified
succinylated carrier protein; treating the modified succinylated carrier protein with sulfo-
N-hydroxysuccinimide, followed by 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide
hydrochloride, then adding a hapten of formula (I) or a hapten-spacer conjugate of
30 formula (Il), as described above, wherein X is -NHa.
In an alternative embodiment, the invention relates to a method of making a
hapten carrier conjugate of formula (lll), as described above, wherein X* is -S-,

comprising treating the carrier protein with bromoacetic acid N-hydroxysuccinimide
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In certain enbodi nents, nore than 70% nore than 75% nore than 80% nore
than 85% nore than 90% or nore than 95% of the antigenic conponents of any
one of thwoabarennti oned vacci ne conpositions are hapt @aTUBR2011/@32446
conjugates of formula IV. In certain enbodi nents, the present invention
relates to any of the 5 aforenentioned vacci ne conpositions wherein at

| east 70% at |east 75% at |east 80% at |east 85% at |east 90% or at

| east 95% or the carrier proteins have nol ecul ar wei ghts between 50, 000
Daltons and 70,000 Daltons. In certain enbodi nents, the present invention
relates to an¥ of the aforenentioned vacci ne conpositions wherejn at | east
70% at | €3fet hesgdding 9 Rapten giigsmuia () a5 pagsyspater canjugatg @4osmuailil). east 95%

or the 10a€a&ddribéd Bh&IeCWRBIIAX G /BB ecul ar wei ghts of about 58,000 Da!tons.
The vacci ne conpositions of the present inventi &r{n m%mO{)ti onal I%/ contain
one or nore pHﬁlarfﬁtﬁ?é"tﬁf’?gatf‘ﬁWVSEE&b%?%tOé@E?'B?% gac ASIORS) pi ent s

i ncl ude st&hpriging'\@ pRiFalitysef Haptedldarictdnjagsted uf fofhsla (N enRfirsdasbveent , the
hapt en- car r"i:er con%ugat‘e is solubilised in an aqueous, saline solution at a
phar mat eufftane 9 BREANYENS- pH. The 15 vacci ne conposition may al so

optional 'y corgainipléd oflsaiatle adiavantx bld thbse bt to ePHaiteamtiBbdPREporvas Medi a,
eservatives and stabilizers. The vacci ne

coatings, surfactants, Q!

conposi ti W’B'ﬂe'ﬂ%é“w‘h? aNHRRANBRRPNS PR LA IS Micotediapien WRRt Gacci ne
conposi ti esupid folecapfigsRslbculdVAGLVANTs Hiel welll@ogane il dry(Jasimguilst Br@d for
ncl ude 2BoGugEReRovRNstelng A v lagiS el o CoVardte Bk Then”
?dditi1%ahdjb¥1ﬁﬁh?d?gaof|6ﬁﬁﬁebﬁn6@|rﬁmt_ %nfﬁlﬁ%h%in@ﬂir?tﬁ&%n&f@iﬁﬁﬁﬁne or a& IsuchI

I mes ere. e levels o clrculatln nti noay. el QW a deslre eve
that has ;@gﬁﬂ%ﬁ&&f&iﬂ preedth Pp:itwgegﬁ%ﬁ&%gé Vﬁﬂp%jeﬁgaﬁe%%mnﬂ(ﬁtem L
refera € bEtenrRAEPOELIAd Sl af agbnistTeen Toiblike recgstoi ni st er e
as an ini @1;?@: ?'.es of %.tog do Wﬁ. oaqd})m'%;li. tﬁrgdn!over 6 é(l) %4. W{eeks and 25
boost i ng HedRdakdng, ok natdimded tp. SiRBipekpoly | EahaActFiet TERSA dapvatve of g
vacci ne chygpeBishtchared siidheasihessphbsphivv@ibidon (Bl R eSIpstiyainese LR by a

S b uranebilverisLpFhabs et Fovd. Toodio R akodlvalstd ThEb GBRICReRES bpi ca
aggi 3! st r &t the imidazddunotilé fan(ilyrsa_Bﬁdelﬂ‘ﬁqhi)ndgroraeémﬂmsﬂthﬁu;:ti\&ﬁevia?ﬂRm certain
enpodi nent s te 1 er at.es a LOr I.NES t he ention can
be. adn ni S BrhSi et 3ERY pif mE RB) e ot CHEE B et MBAHRY devi ces

| n one asgedibr TILRE; anb \GHgddedRyruciRotickss( ODNI coh el CpGanotifs that adtivatestiang one

or nore needl e iSs coated wih ont aj ns, S fective to
Qe fver aThREoT e CPRPE Ty RR B REaRY bepr B8 A-Clptt e Flass G e P
conpo2ot ij?msgjwitm@t;r WiﬂweﬂhéI@%bnatim Gﬁhﬁ 5i'rn|\</\r}]om1tnscﬁ mlﬁln’icﬁiific‘am, egie iy Uﬁ)r e
m croneedl es ¢ e prepar as. pat ches erejn.t m cropee s all ow
5i mpl 6. nofRR PASiaMhdly hasaRoAsien hagkborses WRell PharehafeioalRRAORIE. ane
inventi onctﬁmptieaatl@bﬁe, d semirseft” WackboheahatasvhollyesHos phargthidats extept ver}y 01;] a
ni coti ne-derived hapten-carrier conjugat r a.vagcine c sition of the
vent i onbSWePE s iSAeATBs AR cyangs eatint Gabandtinthe vt Bt sl Buery of
vacci ne caifgud fnnatedirsni@ dctivatipnmaoddt reodk a vient ThRpheohanidm; sgth axo@ifayate to
specific an% desired skin depths using arrays of short (e.g., less than 4
mm i n 2P en8t BPCTPAMIEs) . Such microneedl es pierce the stratum corneum and
under | yi ng | ayRifesadidvahbw@ag pe @deralinsiniuth gatteBatrdct 8¢ both@i depot ystemae welle
epi derm s_or ac;ITi talc.ent d\eﬁr&d S mﬁ}%.of the snal | ﬁi ze of. m croneedl es,
10app! i caf? 8AMMEG EMYNEALVARLYIR e BlAMRALee,; TieaHMNYMSALS bl eedi ng or
appl i cat i prefereiitially ealetted fromHguminium hidrokide or Alominium @adsphate. eTler s t o an
el ongated_structure that is_sufficient]l on 0 netrate through the
Sty 8t um cBP R SRR PRI ElY AFFHibel SHihal 8r REJSHopéeS.

30 The adjuvant that acts through both immune activation and delivery vehicle may

be an immune stimulatory complex (ISCOM) such as ISCOMATRIX.

The adjuvant that has delivery vehicle properties may be macromolecular

complexes, nanocapsules, nanoparticles, microspheres, microparticles, or virosomes

and these may have moieties on their surfaces for the purpose of targeting to specific
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epi dermal / dermal |ayer, but sufficiently short to not result in substantial
pain due to activation of nerve endings. 15Mcroneedles that facilitate

t ransder msiD 2dellisvs®ry are described in Prausnitz, AdvancedTDBogl/Dekievery
Revi ews 56 (2004) 581-587; Zahn et al., Biomed. M crodevices 6 (2004)
183-190; Shirkhandeh J. Materials Sci. 16 (2005) 37-45; Park, J. Controlled
Rel ease 104 (2005) 51-66; US Patent Nos. 3,964,482, 6,503,231, 6,745, 211;
6,611, 707; 6,334,856; and US Patent Application Publication Nos.

2005/ 0209565, 20 2004/ 0106904, 2004/0186419, 2002/0193754 and 2010/ 0196445;
all of which are hereby incorporate by reference in their entireties.

Sui tabl e ﬁ?'hWB%eHIee%dJWé%mB)égﬁ af'&!ﬂ*‘?%&f’é&**tﬁ?‘dﬂ?'%lﬂ@/°I'rﬁ1"§?t%13@}"sl°ﬁ§’| udi ng

silicon, wWaterlirboil 8MdisRAkYiRENes, REdMiBélled] andiRRs6mES LigiRones hyites of
m croneedl e insertion intg the skin (Davis et Bi orech., 37 (2004)

) , al ., J.
1155- 1163 Yynilageday orqnyilamsiare § heiemulsien may Se sqHalgee paseq ush e Mfsa®odi ment s
descri bed her eTHa adjuivaft®agbb@diirdBérhe. t he microneedl es for use in the
invention are solid. For exanple, channels can be made by penetrating the
skin wPth a m%P%?H@Q@P&’VaI“?é? sqlefted ey PE&?B@SI‘Y"HP'ePI*IéSr@B%Ié@NLnd
subsequengiuaifilimGais, @sof addiscomg. (see, e.g., Martanto et al., Pharm Res.
21 (2004) and liste al., P 100 (20Q3) 13755-13760 he 30
fornulation c rfﬁtgl"?fj@éﬁg)}\hﬂéﬁf Fr@h@égﬁﬁ t%@&%ﬁ)@ﬂﬂglﬁ'@c{'%‘* gr‘r)\‘?g?]tri‘on may be
aplol i ed _ta?;tdms dTithe MRERBNEthelCHE BDNShdstha sudeigeicid é/e)qdéug@el ;- tOpijc?! cream
sal ve, oi ptpoent, .or _ofher, i.cal,fornul.apion, ) si ng,delivery
devices s cﬁ%aé Bg:nﬁgt)gg't T%‘ﬁ% §g¢v1{a8bgglll gls-ll ?g’a{%:(gégk&b/ €"®He |i ke.
| n anap hemdraked prgbhordMidate l(kabe PHeOOEG ODN 6ORRERGESNGRIIS kiewat g5ICPGt h a
ni coti ne- 9?@ ved hapten-carrier conjugate or a vacci ne conposition
accordi ng % he invention prior to application to the skin. The epiderms
iﬁ thE_n punc]E Mﬁlﬁh]cddﬂid?@n,ttrfeﬁéfhﬂ‘bmdkﬁ?cle?ﬁ%&|Q_ONelrﬂélaﬁﬁ multipleo Nt ]c;act.vm'th]c
the skin surface for a sufficient period o tine, allow iffusion o
Lhe hapt cRudeRtons (4 oy Bees P B s lbasR R IR0 9 BPOSAIaEL T ound ng
skin ti ssgeupahato aflekdhanhédtlé oryanic basé Natiietpr Withér Agsbttitutet Hytigdidiae f ashi on,

see Prausnitz, Advanced Druy ivery Revie 56 (2004) 581-587). In
oot b S b aeviatine (G roRer UGS & MeSbELaIEe (& aibais (BFsrahapBR: ai n
channel s (@&t NatlkiesckitraslagifteEarbeolithinBd o éxisting 0LIbidcRISsodFces (¥@GCi ne

conposition of, the_.jnvention. U 10 lication to, skin, .the

hapt on. capfnavic opPNAY POt P FeleteeNcVolile (61 BROuFT BEReE5Y  he skin

t ihssue by stithdsis)i QﬁQGhUCIBﬁt&m;Hae'rﬁ_d rmweﬁhofdtﬁMﬁte(liﬁﬁégej%(ﬂi‘é FBéléﬁvIegIrbﬁiABtaﬁf tga _

t her apeuti,c agent .in. sych a fashion, see Zahn et al., Bione crodevi ces

6 ( 2084) ﬁ%%’f"%tﬁ’ﬂ'" g (€g. Vig &ndp- %’II’o‘?’I?é’Iuci‘?ﬁﬁS%Ii REQNIding; ‘?I‘“éB‘ﬁﬁdraa%'I"& '8

conventi ovigb. hol | ow needl e technol ogi es, certain aspects of the invention

relate to mcr edles forned frama solid 1 rix o i,ssol vabl e and/ or

L bdecr adab] o MEFGSS BT sythels aid Suted Socfhgaia] Malbduisct e SmiaaeR: fons of

Pl | Shad D B B g e 0107308
ubl i she i cation S. , , -

End boos) BopakeR: HbeR praioRidsiaed i Aralas ST ioheies &

bi odegr adgphteesi® hydmnalytioat Techmidues eDYAGrawalr BoL BusdnhPréssf TolewacUSA their

entiretie n.ce in | rent the solid_.-m.craqpe can be

omodhy” 399% LePoet S s o THRBE) Rl ReyePRariGoniaT By 2o ff7- i 6%

t her nof or Hungkeral. ghar, (1e85EMNMed. SyhihaMettioas F538t1E7. Chilel ofigamndicotidewdiuneal | y

derived. |In _certai _ri)ge t he s orned from
i

nbgpinents olid 'cronee?les an_be %
sui t abl e BVBUSRNFENi06 SYMNEFIZGA 67 1A RN B'I‘%fgr QUbRLR BE"Cﬁ@‘Irﬁ? WEL K s,
pol y( gl ycinlthéajts Fopexaniplachée deyanoeyhy phbdspthe yanidifomgthiod \Beaudage, S. L.,

ooty ( but yPrecatrs OB EFecl & A 1o Rk EosahinatE RAFORL: < ana

bl endsot heBaredg ef 4., ¢1988) TetrbetdRTE05 54054 Ercatlidrat ai. 1988 dNlick Aczian be f or ned

et nyl ono- DR SHREOR B e 14B8) 77 4Rt ol Rl or (BB LTt ot

non- degr adexRé 9-pe23)u Tabdactesnistried yat e perésme bly\awanigty of Butomated nddgo!l yvi nyl

fl i de, I inyl im. I hl I | yol ef I hyl
e B Y ST ABRh Bt PR BNRBoREle b e b Lo one
or as ar r syhetic aligoreictdotidesd dodified pavkboihes. sudh ias phisshoratBioates ataydhes ar e

suitable for use with the invention. In one enbodinment, 1-10 m croneedl es
are used. In other enbodiments, a mcrgpneedle array conprising 10-25,



10-50, 25-50, 25-200, 25-100, or 50-100 needles is used. An array of
m croneedl es can vary on the basis of several factors, including but not
limted two 2bavigidey di anmeter, interneedl e distance, shaPpmaBmil/esed4a he
total nunber of mcroneedl es used. In an exenplary enbodi nent, an array of
m croneedl es conprises a 10x10 matrix. In another 5 enbodi nent, an array of
m croneedl es conprises a 20x20 matri x. In sonme enbodi nents, the distance
bet ween each mcroneedle in an array is fromapproximtely 100 pmto
approximately 400 pm In an enbodi nent, the particul ar dinensions of the
array can be chosen depending on the desired enhancenent of skin
per neabi | PYMPhesizedsing aaspRie Biqugs gnployire &iiher RiwsPheramidgiaciiom 20 pmto
appr oxi mapgdsphdfatd GREmRHes! Arylexi@k@-phbsiRonaies @4h BBIhaIde, 89,8 t 0
approxi mately 150 pm _or fron1%&£rOX|natel% 1ﬁgwfn1to ﬁgﬁprlnately 500 pm
or from 56@“%9?‘? i Ypp Palenhie 1§09 8 aprakyiPhesriipinssters Hy WHICARE oxi mat el y
800 pm | pharéreoxyeeh sbidth i alkylatsdl 65 ABERBEE i B.SAPRIEM NGBS,003,248),cah®e, 250,
500, 600, 700, 800, 900 gr 1000 n1|R Length. I n stlbl O&gﬁé enbodi nent s,
the ni &r oR&RAd Byaulemated splidpnase gynthosjy usigg gompgiciallysyal reag@fSor 1000
%ggm i580| mggigas fdrgnélﬁﬁyaéthgrnlbﬂﬂibﬁﬁlgﬁgge rﬁ&lﬁfid&}i@ﬁWb@tithﬁodsﬂﬁgebbéﬂ ?0, t ﬁOO,
: : ] : : or pm i e : e odi ment , e
i of onecapesdized (g dimaralk aeFeRmRnIA} ChamRor oshe T AR 1 he
m cr oneedBpcHGOGIte Them. kieB, #9903 dept h of approximately 400 pmto
approximately 700 pm In an enbodi nent, th ) croneedl e penetrates skin at
a depth appr ox h?df‘&%f%&f?@gﬁavﬂﬂt%@fet@@ %é&b‘ﬂa@gﬁ?g%egfn E‘PTB"’" Bt um
corneym  applRawaImSFRGT/IB2009/05 51 4T hére by BREIpRredBY FeléreRcsikiild t 0

appr oxi mat el he top of the dermal | r..In still ofher e i ments, the
P oncearanbuhused BheRer bt ShEhium Yfiogs Rak shonash D amSR ot RUS N he
bot t om of ohdrembbdiflertther is provideddc Vdteink @Pr iccihB eofhipbsidn)lcamnrisind Be

m croneed| e may be any of vari e of dja ers a e t intain

ot {1 cacy. heniSEtaRes AR AL EmR b est Bl Zhavs AS CRESEg: dh Bt e can
bﬁ from ae.g.pemh@at mb]ge ig Prgviteda @g:{arn@xbmwceih? cdPPosiidn) lcBmptisiAg agl‘?ioﬁbtéﬂi- nents,

t he outer dianeter m croneedl e can be fr Xi mately. pmto

hpor odb e SR ot Ol 2 decrioed dove, Ge RARES AT BhELIIEERN be f rom
aﬁpr oxi mahgdryxie pan.fjla aabmléﬂéﬂnﬁfﬁdiﬁieyit tﬁ@reﬁmpi'cfwdia@réi‘v%ﬁh@%mbige I2n aggi ti gn
the outer or inne i anet ers m croneedl e, can be yp to. 1 , , 40,
50 60, - 7emeRsteg)coBPTSRs G 298RS A S BHITN Gt FProrer o LTBERES A ¢ oneed o
di mensi onformak (0: used as necessary with the systens and net hods descri bed
her ei n. A m croneedl e can be manufactured froma variety of

materials, including but not |[limted to, sihicpﬂ?éa netal, a polyner, and
glass. In sone enbodi nents, silicon m«groneedes are used. Silicon

nni cr oneedl es, whet her so-He+orNiol Mw, NcansPe chad fromsilicon wafers.
For exanple, the |ocation of eadh m croneedlle i scpgriked and the surrounding
silicon is etched away, resuliting in an ailN‘ay of m groneedl es attached to a
common base. In sone enbodi nents, the thickness of ansilicon wafer is
betmegg approxi mately 300-600 pm 5Inéﬁhher enbodi ments, mcroneedl es are

made of a netal, including but not imted to nickel, titanium and alloys
such as swheieineyds dipstteria texoicherCRIMizo andra g an integesin the cangecafdited0ar e nade
from epoxy nol i r ; e éHBH@Edﬁﬁb whi | e

t he epoxy nol Aq?gy\%‘u ser%ﬁg)r?gjwhéﬁgﬁg% @%@é.oe \ﬁge&'ﬁ%s l-'?l ng mc oﬁ#g(e)r(]j)l es nmay
ei t her becemaprsig epGr2485% prsiniviumhydroxide salk andaypluraliy obranien-earied 10 from
commer ci a fop i.ng Zosano Pharma, Inc., Coriumand 3M Both
Zosano angmﬁ%#ﬁgnggt@g+gg%d_poated m cr oneedl e- cont ai ni ng patches. Corium
has devel oped bi odegr adabl e i croneedl es. SM has~de\el oped hol | ow

m croneedl es (e.g. Intanza(r) / I1Dflu . ten-carrier conjugate or
vacci ne conposition can be_applind te 15 Nedl @s using a variety of
nmet hods. I n one enbodi nent, a sﬁlution C gHtre hapt en-carri er

conj ugat e or vaccine conpositlion is prepangd and tHe solution is deposited
onto/wkthin the mcroneedl es,L foll owed by drying of Jphe sol ution.
Alternatively, the mcroarray is dippgﬁginto a solution conprising the
hapt en-carrier conjugate or vaccine c osition, resulting in coating of
the m cr owhedirey igvidiphttekia td)@ft GTCRIMI iRt nA6 an itegedad theTanyAoiICl 10e40.
conposition. When additional proteins or conponents are to be coated onto
or within the mcroneedles of the inveppion, additional coating steps may
be perfornmed. Alternatively, several or all conponents of the solution are
m xed into one solution which is then deposited onto/wi thin the

m croneedle. Dip coating, spray coating, or other techniques known in the
art may be used, for exanple those described in PCT 25 Pub. No. WD
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30 10 ng/dose, preferably 0.1 to 1.0 ng/dose. It generally takes a person
two or nore weeks to generate anti bodi es against a foreign antigen after a
single vawoizoa/do®e, and it generally requires several yataBral/oirges

adm ni stered over several weeks to induce high sustained antibody titers
such as those desired for an anti-nicotine vaccine to aid in snoking
cessation. The production of antibodies in a person's bl ood can be
nonitored by using techniques that are well-known to the skilled artisan,
such as ELI SA, radi oi mmnoassay, surface plasnma resonance, and Western

bl otti ng net hods. in a sixth aspect, the present invention

relates to a HHMF@FWW"WH these is Prayided ¥REGNA(OF qompesiienkief i ned

above, fOf;orH?I%lrigSarﬁaIUM@rﬁ'ﬁ?ﬂ%mdﬁ|s€|t Y&§. Mhjdibges ndaphfhlity bheapisesent
invention relates to a haPr]uen carrier conj ugat e, Oor a vacclne conposi tion

as def i neBPHBLIANIUIRLSS QFIMUR (Wer easing quit rates and reducing rel apse
rates in snokers wshing to quit, ex-snokers wishing to avoid rel apse, or
for the prevention of nicoti ne addl ction. I|hyet flurt her aspect, the
present invention relates, to]| =x{ ved-\faptien- 10 carrier

conj ugate, or a vaccine corrp05| on as ned above, for the manufacture
of a nedicanent for the treat meﬂrt or preweprion &Hsni coti ne dependence in a
person in need of such treatnent. In yet a further gspect, the present
invention related to a nicotine-derived hapten- carrier conjugate, or
a vaccbne conposition, as defined aboJ®/) for use in treating, or

15pr event Iy f ment .

In yet a M}gﬁemwghl ﬁ}eﬁgt )&d&e%%'ﬂfg7l nven??gﬁﬂ};ﬁ%’th@ ﬁé%&tﬁ{ga frent

met hod for aidn ngrta;rmmbnglrrmLSatls am integes frothe range afHi ta@Otinclepive:. ,In or
preventin £ 1QL t otine

addi cti ong?ﬁg{r?‘ggﬂh{g &nplgezé{fmg%g ng(ra%jé!t 5t8 ZE%&NM m]%"o |r{r:1e from

anot her sembg@mentsenmmmtegeomﬂhemngg Cédmtmﬂ&tr@rusrvg frocertaén 20 person an

ef fect}ve f P rdh ition,

s o negapdfient o TEPHESHER'IhERAL 18 17, 1Pbo R BRGOIRCFETRE | oo
adni ni st efiZ.ntp cestainembatiments anist derin nertaiv enbodigestakiis i .ceseainon product .
Sy a0t e BSOS, 05 181enRALRACIIGRARY. Pk AL H SorldifbmbaiAghR RICOL ! M ©
acetyl chol'ine receptors, suc varenlc i ne, upr opi ally
in sustai hédh@@wb@ment@tm@rmpr oducts that can be used in the rret hod of
the inventiong ing i i

products inclu #Hggrﬁn@km‘tﬂ cngrnrgﬂ%]%f?érf@%y h%ﬁ%;}eﬁ%‘rﬁ Jgte@hgag %
f or exanpExempifficatiqreheiow,(the closarmeduting iof caraemm’sem azadel mivjniagd. dVhem
i nhal er : < t NVE, %ncr{ nmet hod
of maki ngb%”%@%}%%f%;&%}?%@%og%n?a%gfge ccor {Ilre]g tgfg'[a nﬁ;%/ré%%f{é?nouﬁfﬁlé‘

conpri si ngardeuproleing canalepty ennengovaiedily b@mddegeth@rranprl@t@rred/\'ﬁomerqn Bapt en
accor di nda bfigh RRiddIF Hase Bpllied™. IHPRIEASE BIGR mAIBRIAIRAE SEERLALRESLD the

i nventio I'n yet a further aspett, the present vention relates to
a net hod b¢rermr@fﬁrg t@ha@tpn-@ﬁrr@ammwat@a)wpergmtaepqmon ofrthalcarrl(er priojein is(lpst| )

wher ei, FatioR of thel Inl b fs C10
cycl oapky\{j tﬁgﬁreﬁg oartloaOC e(?%gﬁgﬁ{?; ennce%rtglrn%?o@nr?%&%lt}ptg ggg% U%etngeoﬁ:goxygen
at ons andtf@phbbml¢qula§|wwq!1tsml%aje@q/waaleﬁre‘psf@(t@yvacwe |1iher$ipre imear@iro or 1;

nis an i gheg&imehtsOfelore&nt H8ntididiates to any of the aforementioned vaccine

compositions wherein less than 5%, less than 10%, less than 15%, less than 20%, less

eform

than 25% or less than 30% of the carrier proteins which are a part of the hapten-carrier
25 conjugates are cross-coupled (i.e. are high molecular mass species).
In certain embodiments, the present invention relates to any of the
aforementioned vaccine compositions wherein at least 70%, at least 75%, at least 80%,
at least 85%, at least 90% or at least 95% of the carrier proteins which are part of the

hapten-carrier conjugates are not cross-coupled.
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Y is an optionally nodified carrier protein selected from bacteri al

t oxoi ds, i munogeni ¢ substances, viruses, virus-like particles, protein
conpl exeswopputBise3, pol ypeptides, |iposonmes and i mMmunoPETIIRUI1HDI2ALH

conpl exes; conprising treating an optionally nodified carrier protein with
sul f o- N- hydr oxysucci ni m de, followed by 1-ethyl-3-(3- 10

di met hyl am nopropyl ) carbodii m de hydrochl oride, then adding either a
hapten of the formula (1): (I') wherein Wis -CH2- or -0-; and X is -NH2;
or a hapten-spacer conjugate accordi ng to 15formula (I1): (I'1) wherein W
Is -CH2- or -0-; sacer%ﬁrsaCl kIenerﬁ%rﬁcé))/up, aC3-C102

cycl oal kyl ene '@P%’f‘ﬁi“SF‘b&d ngsy snose W“c-me@ SERE prpedbemHS0%: M€ oxygen
at ons andthaRtg598) ddr¥ thHd JUE bF MBicCHaR 95% of MdArtighic compenents 6f alydhe of

In yet a further as%fect t he resent invention relates to a nethod of

making a HErffergment draeRe 50 TPP§iYons are hagtecarrier Fonjygates effprmyla V.
C(1 sgzitzzerl)k :s |acgﬁauﬁ%nﬂio%swmg%@ﬁmnlta;@n&ﬂréréty§ﬂo%wwtrﬂane group OlrI a
- a ene Interru e (6] n (0] Yy

5i nt er Fup?é&erﬁ?f‘ ‘KI?‘I‘% omppo%tro%%he\“qrna ier‘ ¥g°2’o?talﬁa nﬁs 'ﬁg rﬁ%e@er from
é t? 100?att laast sg% St RBsIYU% enat |éastt) 9e% (fritﬁéicé‘rﬁérfpr@felrl%rrﬁlélnﬁbllétﬁrlai‘ﬁ efl_ f Irom

acteril a 0oxol ds nic su ,.. VIruses VI T us I Ke arti cl es,
ot o - cURBIBAEIves 3 B BatahsipE oG aZors o bGeln ST HRRRARet | mul at ! ng
conpl exespregafgifiventiog rélatestd a1y dflies §fafdrﬂ\eﬁﬂloﬁéd3¢/éiicme\lﬁo¥ﬂpo§|tlﬁr¢d Whéremrdtydri de

to give a no ed suc yl at e rrier el tr OnDdrfred
L ocol ot SleBat 10kt aaat FakYacloas o ol 6tstRoy &t BstdrBh brAtleert 5% e by
1- 10  carrier proteins have molecular weights of about 58,000 Daltons.

The vaccine compositions of the present invention may optionally contain one or
more pharmaceutically acceptable excipients. Suitable excipients include sterile water,
salt solutions and buffers. In one embodiment, the hapten-carrier conjugate is
solubilised in an aqueous, saline solution at a pharmaceutically acceptable pH. The

15  vaccine composition may also optionally contain at least one auxiliary agent, such as
dispersion media, coatings, surfactants, preservatives and stabilizers. The vaccine
composition of the present invention preferably is sterile.

The vaccine composition of the present invention will be generally administered
for both priming and boosting doses. It is expected that an initial series will include

20 several doses that will be spaced several weeks apart with additional boosting doses
being spaced months or years apart, or at such times where the levels of circulating
antibody fall below a desired level that has bene shown clinically to correlate with
enhanced quit rates. Preferably the vaccine composition of the present invention is
administered as an initial series of 3 to 6 doses administered over 6 to 24 weeks and

25 boosting doses are administered every 3 to 12 months thereafter.

The vaccine composition of the present invention may be administered by a
parenteral route, for example via intramuscular (IM), intradermal (ID) or subcutaneous
(SC) injection, or, if using an appropriate device, by topical administration to the skin
(transdermal) or a mucosal surface.

30 In certain embodiments, hapten carrier conjugates and/or vaccines of the
invention can be administered intradermally (ID) through the use of microneedle devices
In one aspect, the invention provides a microneedle device comprising one or more
microneedles that is coated with, contains, or is effective to deliver a nicotine-derived

hapten-carrier conjugate or a vaccine composition of the invention. In certain
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et hyl - 3- (3-di et hyl am nopropyl ) carbodiim de hydrochl ori de, then addi ng
either a hapten of the formula (I): x \ \N1 W NCH3 (1) 15 wherein Wis
-CH2- or wO-2p11a3a80X i s - NH2; or a hapten-spacer conjugaPeTABTOL/0E2a¢ t O
formula (11): (rn) wherein Wis -CH2- or -0-; -(spacer)- is a Cl1-C8
al kyl ene group, a C3-C o cycl oal kyl ene 20 group or a Cl1-Cl2 al kyl ene group
interrupted by 1 to 4 oxygen atons and optionally interrupted by a
-N(H)C(0)-; and X is -NH2. BIO.OG CAL ASSAYS Anti-nicotine antibody
ELI SA. The levels of anti-nicotine antibodies in nouse plasna were

gquantified using an ELI SA assay .as follows. Since the nicotine nolecule is
not suit aBMEoqiBENts e g ‘{VH‘%EFS‘I(%‘P%PH%%P"‘WQ‘* RigRa"eHl &8 ptshes Whalekttheo a

| ar ger mhﬁtﬁbﬂ&edﬁes(&ﬂ@%'sﬁﬁpléﬂbhu‘ﬁvéblbélﬁdﬁﬁméil%‘fbﬁ\ﬂ) thb@amh%bmragpwabﬂes The
ni cotine derivative (ractrans3 -thjo neth nlcotlnzg was co ated to

bovi ne seMEMANORFoNtamAlaesdne Lss et microng e&%ﬁﬂnalgav r&&l“fﬁ%@ tigsed to
coat 96 wabdvedHapR®- dﬂaﬁérnSanatElekSAaaéuaé eﬁmﬁc\éﬂf&h df inpddtionl 1 ) at a final

concent rati on in carbo ate buffer drich and .i ncubat ed
over ni ght at 4@'”?’#% Lﬂ%"&%%ﬁ%‘fhéw @ﬁcé%?q"&%té E‘fﬁ?’@‘a‘?ﬁ@'&e%}emm’?w
gggg g)hat glc&}[iélﬁg h%dtlﬁ@lliémfd g@pfeﬂ]dagﬁué ceijaégfﬁdve&aﬁfrc)ana(}#e?ﬁecgﬂan &tp‘ths ;:h,

ales were 0 e W 0 u er al pbonat e
DTt o) 4 uSlog BEtYe A SDaRf G ley e A Mt i 160t 16eh lsrS) | SH TIcTaotRen washed
as above. nSmmheStr@mﬁh doPhetn® BEEURIMYING |ayRFSORBE epkdbimidtd pregshtidiugli | uti on
buf f er (1X PBS. with S%Tween(cré 0 + 0% %)%"eﬁqd ad%ed to t e plates
(100 pL/ wef§dgly infe ep‘FPé s radigcs é!? to ' megpee %ey wer e
washedoagap Jnucairtm &haaw Wtr@él wwrtrhmmt(uféﬁy)lbimmrl Gliddbh iUt her n

Bi ot ech), ti.on bu fer 1X PBS wi 05% en(r) 20 + 10%
BCS) for ﬁ?aﬁB‘Eﬂ efﬂ‘e Mifroperdigidpiers Ran ‘%%Eﬂ?i‘?ﬂj sts S| ncubat ed
with O- pblﬁnmémryedngam metﬂatbymbpgmtmrstrdmnﬁ ERB)%umlsIRﬁ]tléﬁir%nﬂ intxtHe mg OPD
Al R PR e G ET R T
of 50 pL aétivatiorsef ﬁyawerfd"fg%i d (WWR) to each well and read at 450 nm usi ng
AR ST L ARGl NV AR SR s
times gr eAHﬁincbhm’ﬂug balive(aj RevI&ws Bm(mEMPB&‘E»B&? Zahh et al. Bidmed fMiedldegiced 0. 05.
Measur e”EE 20%4) qgé qbb yShcl)rfkhgr?Jeh Jn h/lca?érla?sesg n{ é &885)657 45T f?__,%raw 8 t¥ol|%ti anti -
Release 104 (2005) 51-66; US Patent Nos. 3,964,482, 6,503,231, 6,745,211;
6,611,707; 6,334,856; and US Patent Application Publication Nos. 2005/0209565,
20 2004/0106904, 2004/0186419, 2002/0193754 and 2010/0196445; all of which are
hereby incorporate by reference in their entireties. Suitable microneedles have been
fabricated from many materials, including silicon, metals, and polymers. Davis et al.
describe the mechanics of microneedle insertion into the skin (Davis et al., J. Biomech.
37 (2004) 1155-1163).
25 Solid or hollow microneedles can be used in the embodiments described herein.
In one embodiment, the microneedles for use in the invention are solid. For example,
channels can be made by penetrating the skin with a microneedle array, followed by
removal of the needles and subsequent application of the drug (see, e.g., Martanto et
al., Pharm. Res. 21 (2004) and McAllister et al., PNAS 100 (2003) 13755-13760). The
30 formulation comprising therapeutic agent according to the invention may be applied to
the microneedle-treated site as a gel, hydrogel, topical cream, salve, ointment, or other
topical formulation; and/or by using delivery devices such as bandages, occlusive

bodies, patches, and/or the like.
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25 nicotine antibodi es was neasured using an anmoni um t hi ocyanate el ution
based ELI SA nethod as follows. 96 well Inmuno Maxi-Sorp ELI SA plates (VWR)
wer e coatwo 200619/ wel |) with a Nicotine-BSA antigen seCuiBzni/ex244
concentration of 1 pg/nL in carbonate buffer (Sigma-Aldrich) and incubated
overnight at 4C. The plates were washed with phosphate buffered saline
(PBS) containing 0.05% Tween(r) 20 (Sigma- 30 Aldrich), and then bl ocked
with 200 pL carbonate buffer + 10% bovine calf serum (Fisher) for 1 hour at
37C. The plates were washed again. Plasma sanples, previously determned to
contain anti - n| cotine antibodies, were diluted in PBS containi ng 0. 05%
Tween(r) 20 + In gopthg | erHROURER, §%'MHPZ'“B€®US} wicsised\ps app eeated wit

ant i bodi eﬁi@bthmwalhustén%rr@%rqer?ambeb Yadoirt® édmpbteflion Mccatimg'tet t hen
added to the plates at 100 The ates were incubated for 2 hours

at 37C antiVERHOR REQS foRpPlisgtion, o HefdbA hﬁ/&Q%BE‘P'PdﬁWEB PYgeturgdiUst94h®oni um

t hi ocyanakficrémddaifieNvhich @k mdtweédraadtmtﬁwm §iatdce ier 4 uidier pbfiedv0 to 2.0
M diluted.in PBS/O. (ﬁf?% TvveegeE%féZO and |ncubat ed for 15 mn at

t enper &t ufBe: aowing AN-FATIREEPIYARt Rt T KRFPefoOmAcRY OS"\R%rEn
detected 'sl@ﬁrdl@ld alkinatible. r(pusajnhuguetréim deQuér’apémucI%lg@hﬁﬁ @hcldalfaﬁhﬁﬂl Wi th

di | uti on buf 1X PBS vm 05% T f or hour at

37C. The pf% @é‘s & Adyansrd B%Q&"‘%f@é V's a%i&%&%&@&ﬁ a"°ther

0- pheny| es@dbéifieRt hdlldW(Ho@&l%b eHidreseddidRAre Hiués iwhadhecdniai claniBls@ra disk| et
Citrate Buffer maAIerch in the dark for 30

di ssol ved in Ph
mn at ro8Rf qggrpﬁé%gpiwecarﬁmowa@@ﬁehao@ & GPpRAF! !9906‘ Hie RengaRi YRBh of 50
pL of 14N ap&u@bwnt@sam the(NdpRdn-datrictaohjugetelor @acLiNeesnEdsitibh Al iffudes Mitdthean

aut onat ed te re The results e expressed. as the ercent
ot onshi Seste R ision A et e Jaw- (Tl AETIRAUR" ohe BISyoHebE n
presence aferiiisioN pfashiph ek @aha@aan Biorbe Milodevieeds 2004 p1833mo@)f NHASCN.

The avidity index was cal cul ated as the concentrat of NHASCN required to
b oduce. 5056 r JAJEHHTEANeT SRS, I SREAR BaanaATSra UG RETE: st | but i on i n

plhasrr}a angkchhdlbdles, tefaidfadspedts of the ReRiicriel e tomicibreetlics fortied fionDa sbkn i N
t he plasma

(pr e iammeT B! SisShabie 2ps/ot RogedTarans Tt byt 637 b Red BrOFYST i cot i ne

hydr ogen v&gcineiotnpogitibad of thg indeklion3 Hrorierarples of soliliGRiploneéd EBsess. 10

panct ur e’ BAE" i BEPReL Rt bt dcaibsorne ORL AR ERRAG ot ey

per f used mmﬂm@@ownu 2DE8/0269%88 QdllofiwHich dé%entbeeﬁﬁcrmﬁrel ataysotadeltd heart

1to 2 dthe b h t ed Th
ol oesi e bpBaBedS poGert Alidlart By necetted Y sefEreRES TR e UB T
&hl or |2c1180 ZSP%'Eértan eHﬁﬂMnElaTsAthé)s&%rﬂu@eﬁeédléﬁﬁcaﬁﬂﬁh m&eamfagt_ pr ot ei nase
er ssue raln e e nlxe
Do 1 oniRpeg BRdar e atereter oS ha e ebe RS Rondie Bidais Bl fiecor | ne
Werg det eéyntlﬁkﬁiéallw?dd/@rmadjrsw dérived.atni wﬂtaMOd’tgents the solido#ijeedrickdies ELI SA
to eterm ne, specl

ty. tib d t ti i ;
The speci PAEPE IPTEPd AT hirRie Hico M RRUSTE ies aRL R e BUEP RS [y aoc! e
conpet Iot i pﬂg@ﬁdtﬁ?)gﬁﬁolﬁ(glybﬂi@)s Qﬁlywuﬁelcmgjmh%@i i po‘f)@ht bydildbSA PI at est (VWR)

r coO e a | | he- en s | ON a a
o by S Doy hgesiors, BolvRerdsiatt innablotianas. Rl esha R AU | otubat ed
O\Iégrs ;u ght ?aa) , fGly(valesic pial), qmlwmtbanmsdndd:opblydnemml@tds tb&rbgbrrefthsglolo neL

cont a n W
o oanas coRhpan. TR A8 Ticerdeds o BTt pos pib RS aENE bl P

td hen was hg@brmmyac&lﬁtw@otylmess ohathylate-ainyl a@bmmamérfmyl sdubsmutedusl y

et erm ne caon n anti.-ni wer e ut I n, PBS

Cont af ni g bos8 AR, 09 dodfadityn B DRABE b B S Pl ove

opti mab apblyhmﬁrﬂesrﬁdd;)aalg(annyainumom‘) chigrosuiphomiatyd polyolélinsppdlyedhyéned50 nm  and
di fferent | | tdors (c?) rnS§ co%i ni ne, acetylcholine, varenicline) were
diluted s&F %Iq $30P (PR y'Q? Be's6b 5 pM Equal vol unes (65pL) of diluted
sanpl es and sel\l/hecdneddlesnbarbbé osed\sioee adakearrdys ofrldre thah chemiicroneedled 96 wel |
pl ate and,,a 1 hour ow ng incu t he
D1 s/ A SHes T e ouadiets i i ey Pieten i S Pl badly

bl ocked NmiwbnereidsSte ased. ddotheat@bodimbatsp ati@snewsliecanraycedmadiristhgf 12580 m n at
37C and then washed agai n. Anti body binding was detected using goat
anti-nmouse 10 | gG HRP (Southern Biotecdg diluted with dilution buffer (1X
PBS with 0.05% Tween(r) 20 + 10% BCS) for 1 hour at 37C. The plates were

t hen washed again and i ncubated with 0-phenyl enedi am ne di hydrochl ori de
(OPD) substrate (1 x 5 ng OPD tablet dissolved in Phosphate Citrate Buffer,
S| gma- Aldrlch) |n the dark for 30 mn at roomtenperature. The reactlon was
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Concentrated solution of ammonia in water possessing a specific gravity of

0.880 CDCI 3 Chloroformdl Celite(r) Filtration agent O Chem cal

DCM Di chiwocenaiisesve dPBS Dul becco' s Phosphat e buffered alritammi D446

N, N- Di met hyl f ornnam de ES+ El ectrospray ionisation positive scan Et0Ac

Et hyl acetate WO 2011/151807PCT/|1B2011/052446 Et 3N Tri et hyl am ne h Hour

NVR Proton Nucl ear Magnetic Resonance [Ir(cod) (0M2
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10-50, 25-50, 25-200, 25-100, or 50-100 needles is used. An array of microneedles can
vary on the basis of several factors, including but not limited to, length, diameter,
interneedle distance, sharpness, and the total number of microneedles used. In an
exemplary embodiment, an array of microneedles comprises a 10x10 matrix. In another
embodiment, an array of microneedles comprises a 20x20 matrix. In some
embodiments, the distance between each microneedle in an array is from approximately
100 um to approximately 400 um. In an embodiment, the particular dimensions of the
array can be chosen depending on the desired enhancement of skin permeability.

In some embodiments, a microneedle has a length from 20 ym to approximately
1000 pm, for example from approximately 50 ym to approximately 150 um, or from
approximately 150 uym to approximately 500 um, or from 500 um to approximately 1000
pm, or from 600 um to approximately 800 um. In other embodiment, a microneedle is
approximately 50, 100, 250, 500, 600, 700, 800, 900 or 1000 um in length. In still other
embodiments, the microneedle is at least 50, 100, 250, 500, 600, 700, 800, 900 or 1000
pUm in length. In other embodiments, the microneedle is less than 50, 100, 250, 500,
600, 700, 800, 900 or 1000 um in length. In one embodiment, the microneedle is
approximately 700 um in length. In some embodiments, the microneedle penetrates
skin at a depth of approximately 400 um to approximately 700 uym. In an embodiment,
the microneedle penetrates skin at a depth approximately corresponding to the bottom
of the stratum corneum. In another embodiment, the microneedle penetrates skin to
approximately the top of the dermal layer. In still other embodiments, the microneedle
penetrates skin up to a depth approximately in between the bottom of the stratum
corneum and the top of the dermal layer. The microneedle may be any of a variety of
diameters as needed to maintain efficacy. In some embodiments, the outer diameter of
a microneedle can be from approximately 20 uym to approximately 100 uym. In other
embodiments, the outer diameter of a microneedle can be from approximately 10 ym to
approximately 50 ym. The inner diameter of a hollow microneedle can be from
approximately 5 pm to approximately 70 um in some embodiments. In addition the outer
or inner diameters of a microneedle can be up to 10, 20, 30, 40, 50, 60, 70, 80, 90, or
100 ym. Any combination of the above microneedle dimensions may be used as
necessary with the systems and methods described herein.

A microneedle can be manufactured from a variety of materials, including but not
limited to, silicon, a metal, a polymer, and glass. In some embodiments, silicon

microneedles are used. Silicon microneedles, whether solid or hollow, can be etched
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bi s(r14-1, 5-cycl ooct adi ene) - di - p- met hoxy-diiridium(1l) LCVS Liquid

chr omat ogr aphy- mass spectroscopy MeCN Acetonitrile MeOH Met hanol MySO4
Magnesi urweubfiztsesomi n M nute m z Mass spectrum peak Pd/ €CcPaBroadiizaacon
charcoal T3P propanephosphoni ¢ anhydride, 50% w v solution in ethyl acetate
1H NMR spectra were in all cases consistent with the proposed structures.
Characteristic chemcal shifts (8) are given in parts-per-mllion downfield
fromtetranet hyl silane using conventional abbreviations for designation of
maj or peaks: e. g s, singlet; d, doublet; t, triplet; g, quartet; m

mul tiplet; br, brm broad mul ti Sbrt, broad tri pl et.

LCVB, unI Erew sjicaa Hﬂ?%% FioR 8?‘%’8?'@&“9\}%“@“%@9 eAchariciongedle tsdéa'fk81’ PB&M’}?g

condi t i ongyrrdatRGSsilieEh is@ﬂ@he@éivé@ﬂmsuﬁmé N‘H’Bron@eél@@a&ébh%ﬁ t®aover 3.1
mn, MCN (10nmM 10 PRE ARATI Pr e tion

NH4) 2HCO3 :
(S) - 3- br ofYTEO[ P! 9?’B9PF19%F’H?%‘92‘% fickhessi o @ lise B"a %H%H%W{P%tl ne)
approximately 300-600 um.

5 In other embodiments, microneedles are made of a metal, including but not
limited to nickel, titanium, and alloys such as stainless steel. In some embodiments,
metal microneedles are made from epoxy molds which are then electroplated with a
chosen metal, while the epoxy mold is subsequently etched away. The resulting
microneedles may either be reusable or disposable. Microneedles may also be obtained

10  from commercial sources, including Zosano Pharma, Inc., Corium and 3M. Both
Zosano and 3M have developed coated microneedle-containing patches. Corium has
developed biodegradable microneedles. 3M has developed hollow microneedles (e.g.
Intanza® / IDflu®).

The hapten-carrier conjugate or vaccine composition can be applied to

15  microneedles using a variety of methods. In one embodiment, a solution comprising the
hapten-carrier conjugate or vaccine composition is prepared and the solution is
deposited onto/within the microneedles, followed by drying of the solution. Alternatively,
the microarray is dipped into a solution comprising the hapten-carrier conjugate or
vaccine composition, resulting in coating of the microneedles with the hapten-carrier

20 conjugate or vaccine composition. When additional proteins or components are to be
coated onto or within the microneedles of the invention, additional coating steps may be
performed. Alternatively, several or all components of the solution are mixed into one
solution which is then deposited onto/within the microneedle. Dip coating, spray coating,
or other techniques known in the art may be used, for example those described in PCT

25 Pub. No. WO 2006/138719, which is hereby incorporated by reference in its entirety.
Coatings may be solid or semi-solid.

The amount of hapten-conjugated carrier protein in each vaccine dose is
selected as an amount which induces an immunoprotective response without
significant, adverse side effects in typical vaccines. Suitable dosage ranges are 0.01 to

30 10 mg/dose, preferably 0.1 to 1.0 mg/dose. It generally takes a person two or more
weeks to generate antibodies against a foreign antigen after a single vaccine dose, and
it generally requires several vaccine doses administered over several weeks to induce
high sustained antibody titers such as those desired for an anti-nicotine vaccine to aid in

smoking cessation. The production of antibodies in a person's blood can be monitored
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Hf BrNI\ CH3 N Thi s conmpound was prepared follow ng the nethod
described in J. Am Chem 15 SOC., 2007, 50, 15434-15435.

Bi s( pi nacwbaboydideoron (7.16 g, 28.21 mml) was di ssol vedTiir2011/d52dicoxane
(60 nmL) then degassed by bubbling argon through. (S)-(-)-Ncotine (6.48 niL,
40.3 mmol ) was added, followed by 4,4 -di-tert-butyl-2,2"-dipyridyl (650 ng
g, 2.42 mmol ). Degassing was continued for 10 mn then

met hoxy(cycl ooct adi ene)iridium(l) dinmer (753 5 ng, 1.21 mol) was added.
The reaction m xture was heated at reflux tenperature for 18 hours. The

sol vent was evaporated and the residue dissolved in MeOH (100 nmL). Copper

(11) br onPYesipgiechnigues Yigt arewglirnowy todhesskilied gisap) sugaas b and t he

reacti on rHdIdiMrRINGS¥ag sutacd Blasmb@ésohales!land WEEIBMI biottey metheds.(10% aq., 100
m.) was added to the reaction m xture which was then extracted wi th ethyl

h
acetate and drin§ BAHxHGSRepENS PrRFENSIBYRRUAR relRlEs IR,2 FBPIEREETERd t he crude

product wasnjisste, fdradaByiné bampodititnaasdeviaed Bbovel Rffoulk @klairedderto gi ve the
title corrpounq as agm range o 1H NMR (400

il (6.14 g, 639 ,
Mz, cBCl3) 6 IBYet ergRRect 19 ?rei‘?’ﬁﬂ‘?’f!‘@‘/?@fﬂtesltﬂ)‘% hapteypearmiely (m 1H),
1. 99- 2. 02¢drijugatéor ada@einé sBompblitionlas’dbfided 4b@ve, fokldse indinBiRasdihg qlithates3. 20 (t,
1H), 157.86 éf‘z‘f' A1H), 8.42 (Ss, 1H%, 8._?@?(5, 1I—g. Pre%araqthl on 2. .
(S) - 3- ( 5- 19 IRIVADE 5IARSK BIESHR SMOKSTS WISRG oW §XPOKess Mshingdogvaig 1- . 1\ N
EIHB re%ﬁbxéuggth@fpré@?tigz bﬂrﬁéf{lmﬁaﬁailctli@’é hyl pylrlr;ﬂ i di n- 2-y|()12yri di 8606
preparation , 1. mol ), .pal | adi u acetate . , 0.
mmol ), tri(o- 3@@53&5@3%&%& Eh%Prﬁée,"tWeOt.'%re%tP"a’HWl“PTd&('H?ﬁ E‘i‘n#ﬁ’é (0.35
ZL’ |2.16l§3t Béf?ﬂbbcdgﬁuld&mﬁr & ifa%dgfhé cdiﬁﬁol sﬁi@gaﬁ@@hnbg abg&&; ch'bdrrttﬂeh ﬁfaﬂ@ﬁ&cf{u_hsi etgh. t
crylonitrile . I nmol ) was en_adde nd the reactjon xture
heated at ”‘PQPP&‘Q“Eféh{ﬁ‘&r‘%?@HP%ntPéP“gl’S”Wfé‘.m?ﬂ%g? ENHNA B&RIE'"I&E cool ed
to room t enguehafedtrgentf i | tered through Celite, and the solvents evaporated
Chr omat ogr aphy 4308 [-2068 SPediiisrhESe TNEEH Rt ine ROt AL ERteT e
conmpound agrigr ¢odfligate) Ona Vhécifel Edinpasition 136 définet ubéve) forise ifidatingaors
i soner s

). . ... 1H NVR (400 MHz, 13) 6 =1.60-1.79 (m 1H),
;% 30- 15 boPiaipnting mogtinggadslicyan g pamph Ins1oBA ol chadingnt x <. 519,
2.16-2.40(m 2Ahlyet BfuttheBasHect e pteBent Mverticineldbedd o tPeatmdnt Méthod forl6 and
(7'242( g X 1%?n%%%<{;@?c%s?%%n§n gr(rs\o&ezrs )\svis%fing:lllc;i)q’uit,8 c'>r5p7re\$esn’ting:;L |r_<QIé\ps%'ir(15 gm%EgrSBO& 1
(S) - 3- ( 5- Wwho mavdylin YF pRiverting-rdcating RYdictib rmin peydohwhzpaightbé exposeditd- NC
smoking or nicotine from another source, the method comprising administering to the
20 person an effective amount of a hapten-carrier conjugate, or a vaccine compasition, as
defined above.
In one embodiment, the method further comprises administering to the person
another non-vaccine smoking cessation product. Suitable products include
pharmacotherapy products that targets nicotinic acetylcholine receptors, such as
25 varenicline, or bupropion, optionally in sustained-release form. Other products that can
be used in the method of the invention include clonidine and nortriptyline. Additional
suitable products include nicotine replacement therapy (NRT) products, in the form, for
example, of a patch (16 h and 24 h), a gum, a nasal spray or an inhaler.
In yet a further aspect, the present invention relates to a method of making a
30 hapten carrier conjugate according to the invention, comprising coupling an optionally
modified carrier protein with a hapten according to the invention or a hapten-spacer
conjugate according to the invention.
In yet a further aspect, the present invention relates to a method of making a

hapten carrier conjugate of formula (11l):
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IN Il CH3

(S)-3-(5-(1-Methyl pyrrolidin-2-yl)pyridin-3-yl)acrylonitrile (preparation
2) (185 myo 20113(A18emol ) and 5% Pd/ C (50 ng) in MeOH (5 mELCTMBI081/8324468 ed
under an atnosphere of 5 hydrogen for 72 hours. The reaction m xture was
filtered through Celite then the sol vent evaporated. The crude product was
purified by flash chronmatography (5% [20% anmonia in MeOH in DCM to give
the title conmpound as a pale yellow oil (141 ng, 75%.

1H NWVR (400 MHz, CDCI3) 6 = 1.66-1.78 (m 1H), 1.78-1.89 (m 1H), 1.89-2.02
10(m 1H), 2.17 (s, 3H), 2.17-2.25 (m 1H), 2.31 (g, 1H),_2.65 (t, 2H),
2.97 (t, 2H, 3.10 (t, AH, 3.24 (t, N), 7.61 (d, 1H), 8.|138 (s, 1H), 8.44
(s, 1H). Preparation |4; Q H
(S)-3-(5-(1-met hyl pyrfrolidin-2-yl
(S)-3-(5-(1-Met hyl pyr iXti-{sp2eqr) ) pyr i
3) (140 15 ng, 0.65 nmo\) and Raney ni/gkel W %% anmmoni a in MeOH
(50 mL.) were stirred junder 50 psi hydrogen at 3hours. The
reaction mxture was l[filtered through Celite then the sol vent evapor at ed.
The cr ude product was purified by flash chromat ography (7% [ 20% ammoni a in
Me OH| to give the title conpodHd as a pale yeIIow oil (126 ny,

> 15 é“?ﬂ&”@“@%"ﬁ"ﬂf 5ty s bl fyerieBoghls alepibegivet .1

1H), 8.31g(oyposa CM% alkgiome grouplintetrapted Pyl to Aiozwgermtorr@@np iptiprally

Prepar at i 6alior QuS; l; 1 I r ne (or
6- chl gr oﬁ:ibzru?tnegl o(h%c%z h?oqu[-)' 3’»‘4 16?7'1134“?@ ﬁr’ﬁ%d!é‘léﬂar'{@y‘;y?@b ?[?%l ne (or
2- 25 chl ¥ran ggﬁlmﬁé)) mogdified gafrier protein selected from"bagte@al Kids, immunogeeg e

Comoundsaﬁéﬂ%gée@@%g@ vir®d- ||I€é"$é?ﬂclé§1%rdfahr&gﬂ\p%%fs"rdr&@ﬂs Shijpdbtides, O 9

Chem

in-3-yl)pr -1\ani ne
Itrlile (preparation

Ilposomes and immuno-stimulating complexes; comprising treating an optionally
modified carrier protein with sulfo-N-hydroxysuccinimide, followed by 1-ethyl-3-(3-
10  dimethylaminopropyl) carbodiimide hydrochloride, then adding either a hapten of the

formula (1):

X
s
;

0
wherein W is -CH,- or -O-; and X is -NHj; or a hapten-spacer conjugate according to
15  formula (Il):
@)

H
N/
X—(spacer)>; \—\
W

T
o Z\)
T

w

g
\ /

Q)
wherein W is -CH,- or -O-; -(spacer)- is a C4-Cg alkylene group, a C3-C4¢ cycloalkylene
group or a C4+-C+2 alkylene group interrupted by 1 to 4 oxygen atoms and optionally
20 interrupted by a -N(H)C(O)-; and X is -NH..
In yet a further aspect, the present invention relates to a method of making a

conjugate of formula (l11):
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Butyl lithium (2Min hexanes, 83 nL, 166 mmol) was added to a sol ution of
di nmet hyl am noet hanol (9.3 nlL, 92.5 mmol) in hexanes (70 nL) at -20 C.
(S)-(-)- worbtiatsisee (5.0 g, 30.8 mvbl) in hexanes (30 merTMBRZ1H0Ee¢h and t he
reaction mxture stirred at -20 C for 1 hour. The green solution was then
cooled to -78 C and hexachl oroet hane (29.1 g, 123 mvl) was added. The
reaction mxture was stirred for 30 mn at -78 C then quenched by the
addi ti on of ammonium chloride (sat. ag.). DCM and 2M HCl (aq.) were added.
The aqueous | ayer was washed with DCM (x2) and then 10 basified by the
addition of ice / ampnia (aq.). The aqueous |ayer was extracted with DCM
(x2), dried over MpS4 and evapor ated.\ The crude products were purified by
fl ash chronmat ography |(20% et hyl cet i i Ve

6- chl oroni coti ne (pregparation 5) ni cotine
(preparation 6) (10qwy—X%spabadh as orjoni cotine: 1H NWR
(300 MHz, CDCI3) 6 = [1. 8-2.01(m 3H), 10-2.23 (m 1H),

2.28 (q, 1H), 3.05 (t|, 1H), 3.19 (dt, .64 (dd, 1H),
8.27(d, 1H). 2-Ichl or oni cot i ne: 1H NI\/R (30 M—Iz CDCL?,) 6 = 1.45-1.60
(m 1H) 176198(m 2H), 2.22 (s, 3H), 2.31-2.49 (m 2H), 3.24 (t, 1H),
3.55 (t, 7.20-7.29 (m 1H), 7.93 (4, 1H) 8.24 (dd, 1H). 20Preparation

7: (S)-2- h h :
2N Név,ﬁ fahy TPV i s Rndr Bt ESENERRIGRNEL )
6- chl or ongrypione Q1pﬁep&v@neam®)lnfe69med§y 1309 wmr)at’pmsanﬁmbomﬂt'ne (3 ).
After 45 fﬁ'té?’rtﬁ)%eh RPN Oﬁj)atx*r@ Nh%‘i%&?&‘@'ﬁu%ﬁhﬂ%r%ﬁ\ e, 8k 80 C

for 16 hours e reactioh ‘mi xture was parti'tione bet ween ethyl acetate
and waterY lsrareoamrl@ﬂwmomﬁyésamaspr@i@n a@e@gd bmrbastenigl toxeids, dneunggeniei over

chr omat 07 Aoty TR B0 e e SRR, sFel PUERPISS, ¢ ompound

as a col olipgsemes @nfl imaunergtimglaling complexes; comprising treatlng the carrignpradelR (400
Mz, CD309}th guccu{]ic %&hy%r@@bcﬂ&}/ g'Fho |f%djsngéﬁylal%hﬂca rfer Ear%gél’n Jrbeti H%h%()lH) 2.31
(q, 1H), (t L il 6.83 (d,
1H) , 7068n\Odler pycc"alla‘sqd earrlemﬂpteln_mvssulwf& yﬂﬁonyqu_c.gomelde rfenozveﬁl by2?. 1 [ M+H|
Prepar at i p ) et hanam ne
i 0 oo HoRy - iglaihpoBlitaridffiuc Miodorgfieh Suling Mt T
2- chl or onhapien ﬁfethe‘;ﬁ?réfw;ﬁ?r@ll on 6) (120 ng, 0.61 mmwl) in ethanol ani ne (2
m.). After 15 mn at roomte rature the 5 ction m xture was heated at
80 C for 16 hours. The react MXture wHsS pagtltl oned between et hyl
acetate and water. The aqueous Tawer SxexXtrhcted with ethyl acetate,
dried over MySO4 and evaporated. T d p%ct was purified by flash
chromat ography (5% [20% anmonia in M Zin ®to give the title conpound
as a colourless oil (85 ng, 6%. 101H gll\/R (400 MHz, CD300) 6 =
1.60-1.70(m 1H), 1.81-1.99(m 2H), 2.9

15  wherein W is -CHz- or-O-; and Xis -NHz, or a hapten-spacer conjugate according to

L]

formula (l1):
0

X—(spacer>¥ \—\
KN/

O’\)
I

(m
wherein W is -CH»- or -O-; -(spacer)- is a C4-Cg alkylene group, a C3-C4¢ cycloalkylene
20 group or a C4-Cq, alkylene group interrupted by 1 to 4 oxygen atoms and optionally
interrupted by a -N(H)C(O)-; and X is -NH>.
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3H), 2.23-2.40 (m 2H), 3.03 (t, 2H), 3.19 (t, 1H), 3.53 (t, 1H), 4.27-4.41
(m 2H), 6.96 (d, 1H), 7.74 (d, 1H), 8.00 (d, 1H). LCMS: 2.03 min (99%,

mz = 222370 2pNMHS|807 Preparation 9: PCT/IB2011/052446
(S)-3-(4-net hoxybenzyl oxy) - 5- (1- net hyl pyrrolidi n-2- 15yl) pyridi ne (plus
4 or 6 isoner) Sodi um hydride (60%in oil, 650 ng, 32.5 mml) was

added to 4-net hoxybenzyl alcohol (1.4 g, 11.6 mmol) in DVF (10 nlL). After
30 min at roomtenperature 5- brononicotine (preparation 1) (1.4 g, 11.6
mmol) in DM (2 nm) was added. The 20 reaction m xture was heated at 90 C
for 16 hours. The rea tlon m xture was partitioned between ethyl acetate
and water: %G%M er was extracted with ethyl acetate, the organic

| ayers conbi neght drdoﬁdecahﬁbo&@E%mndh@réaa%aaﬂdmca’th@ dhtibéBe PinQAGIEe WaS

purified by flash chromato 2. 5% -> 5% vethetltle
P omound RS e GUADIEd USng BR Eh aseryzis JploiRorSI® e Blraling SOWCHS 2505

Prepar at i grhot Quitabfe) foBCdalmgm EMlSW;SIét@bI ithvas Breydforelinkél forBrafjer ﬁﬁﬂedate

hydr oxyni ¢ot | ne i on

(S)-3-?4- K%’E’ g? @BW@;"‘%‘“? 1{’ lopdhesjysRiePeities Fhenigptnsdariyptive (ac-

( pr epar at tras32hid ﬁ\%&]ynﬁicotwwamﬂuma@@ toSbdvieeskrir alduniih BAd BROfRédtipeaci d (2
m.) and The re ct| n m Xt ure was g&ﬂgorated t hen

f ours.
co- evaporDé:gléd’Wug%te[%ﬁ Was jizpdig opgl ILImmuna-axi-Sare E RafsSoduct was
purifi e(cji PR @@PI&mavlat Qggagmbuce(nlr@%rwsmll émﬁmm%abggamaﬁeﬁmga-t | e
co oun e ow m
2. rzrg 2. 393@5'?}‘%?5' insubgy S%F"'@H%gatﬂﬂé @Tbe?%tﬁsswe@ en %spé;@te(’m“d S%Pé 4. 38
E ? B Os/() 10 1Hyith phdsphatd bum}ed $hliné c«’;r&amihwe 05% mféﬁ® 24 tQ. mbﬂi@lchleiG
0 ar a n
0 o bl e plckd b 200 o HBRRS B G Tb oG LBE ShiiaP Pl o
gggeg SUFSG&}‘M \Fitdh)ér)tao 37°Csfor utzhfenanﬂ théh iashed ??Qm"%t Saipey et refferfi, g
mMoDI S I N | |on S asse
ey o Bt s Sty Bnsief &t don piper (X PRSI Rkt BB ) sased
Ei ?l t(r]I ;J?BGS ]Ih@a%dé;ﬂﬁdhﬁ plat&f(r?mﬂﬁwbﬂ)ﬁa&k%téwtéﬁa |ﬁﬁfbétg[d at 37°C for 2 i h
r(co 10049) S Cchar e reactl o an e
| enes 1n ' RO Fubid b psted 0o ad et nueL i GO Ar DR SlatRT o
m nut es, (Steihed Bickbdhdsddtedwithi diluBEEBuffef (X PBSGALD. es%lasve‘eh% RO Hefeat ed
tw ce nor

] Th It i | ut heat . 85C f 16 h
after whi BFFSI) fard Wégﬁéul-rﬁflﬁl% ?S%)Wg@lc}ﬁﬁ" %\%h‘?dgﬁiﬂ?ﬁ]ﬁm?%t?cg‘&@f onOlr%r)S(ture
was cool eﬁhé@le{)n@?mrgﬁmﬁyrcﬁbmmcﬁmmrsossttat@(ﬁd%cg OPpngsist djsrsdwl edgreduced
ressure, 1 A res | .0l a ue was |SSO ve I N
et r ahydr BRORRIY SHBRG Encs Sibma AT indhe 0% o3| Bl ateoon HBsaalfF o and sC
Aggt ![ @0 aCTI']I:iIe ﬁé’:a%tldri‘rtlas %Bpﬁdmy)d the aﬂaﬁloﬁhﬁﬁ@ﬁd/ofmts?-lehuﬁsaﬁdl (VWR) toweretl by sl ow
a | |On (0] r I oXl ge SO 0
Tt o i e AR 4BE PRy SpaitbmaRolpiad et %@awew%@wmre nas

stirred fas thbangmast plagrha Idivtiont teagresuttedirtan ahtibodiesbibahcd vdTee (DRUBO) tivo
i ndi cat ed co Iee The reatlon %xtu cooled to

n

bet vieen. 0URRHBEGISr AT kel OREATBYNS asHE. MR P bRT SR OB ET8s sod um
met abi sul phl t eMéadunément 6BdVidity 6hanti-nitoting lintibodies. Masalviditygf aritixt ur e was
adj usted t gddt on of conﬁentrat ed armronr# Xh%ld[%él de sol ytion
(130n%y "le ir@ Qdigp WaR DGARUGAUSINg A% PHRSTEMIPREY AR R ONg58f at ed and
t he ELISA method as follows. 96 well Immuno Maxi-Sorp ELISA plates (VWR) were coated

(100 pL/well) with a Nicotine-BSA antigen solution at a concentration of 1 yg/mL in

carbonate buffer (Sigma-Aldrich) and incubated overnight at 4°C. The plates were

washed with phosphate buffered saline (PBS) containing 0.05% Tween® 20 (Sigma-

30 Aldrich), and then blocked with 200 uL carbonate buffer + 10% bovine calf serum

(Fisher) for 1 hour at 37°C. The plates were washed again. Plasma samples, previously

determined to contain anti-nicotine antibodies, were diluted in PBS containing 0.05%

Tween® 20 + 10% bovine calf serum (BCS) to achieve optimal antibodiesorbance

values of approximately 1.0 at 460 nm, and were then added to the plates at 100
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aqueous | ayer was re-extracted with tetrahydrofuran (300niL). The conbi ned
organic |l ayers were concentrated to give the crude conpound as an orange
gum Thi swoas1pmsisofi ed by col umm chromat ography on sili eaTgs2o1(/M2046 i n DCM
5to 20% to renove the majority of inpurities, followed by further colum
chr omat ography (100% THF) to 5 renove isoneric inpurities. Pure

5- hydroxyni cotine was isolated as a yellow solid (26g, 48%yield).

1H NWR (400 MHz, CDCI3) 6 = 1.70-2.05 (m 4H, 2.21 (s, 3H, 2.31 (m 1H),
3.11 (t, 1H), 3.25 (m 1H)), 7 32 (d, 1FD 8. 01 (s, 1H, 8 05 (s, 1H).

Preparation 11: éﬁ?-tert but |(Ig2( rreth rrolidin- yll\}erledjn-S- 10
yl oxy) et hyﬁ_/yygp ba platasyyergy ub@pd hours a 7 and then washed elution
(S)-5-(1- ks uH@Weﬁqiwaadmg?arﬂﬂwbrmumtﬁhbaya%aw (m-nscng(ﬂiommémn(lﬁ nmg, 0.98
mol ), tert I br onoet h)6l car banat e r@ ot aSSI um
car bonat ec?'@?ﬁtr%‘ﬁ’"sﬂa@'%?’)‘ 'R 2\ d('"?teHL’) Pﬁéf O%Jt”@&“ ?Ogbd ey

hours. Thﬁ)rﬂsaﬁihlaﬂfbom tehipeatdre. VIas nnaaééw&ﬂeqn&dwbgiemm aeituba sR@hgt e and
wat er. The agueous yer was, extract eﬂ ﬁn% g bé/ acet at e, Wéfd over MgSO4
and evapolgt GteCt?Hé‘sE‘lgL&ﬂ’ét Btsmarse WEsHBE Pyt otep)utedryirediytion phy (5%
-> 10% Neemﬁdrm1>D§BB with @05% TwWn®i 20 ew%rmsr;rfdr ARo@ #t 87t@WIId plafet08 ny,
349 . 1H NWVR (400 2.17(s,

3. 202 rosho weRtec agam oG igoubasgd Wi Cragenylenedmnsainyiroctlarde) a5 (1 |
( A %4 O%QPEE) %}Zdhtraté (43 5(lg Fc))rtgb ?rbgtt I@Eﬁélged ihthosBhata Clittate Blfer, Bighka- 2. 62 min
(5)-2 ( 5- (VRN ieark G R 3E ARG aIurs. NG (g3eton aas stonped by the
25Pr epar ahddiionlaas0 }(Lsc)f malpmm‘bxébudavm)(t&ebfai well arjd Feldiad 480 Amyudmy ardi n- 3-
e 1T hor oRuEPERAG rodlert T RrUBNFeshAD RARESSoH & thE Poickmt GRLFBIM i xt L e
was evapobiatiag of hm@énmmaum% Addaetion ih DMGVtHerpsatite ozm4acmuq)lotmdl\/EOH
" U B ES rB o o AP L TR @%éq%@s@@?oz?m ain
1H NVR ( 466hdehizatidnFEING,SENreduirdd t3.pPdducen50%Hedutioh in ()Endm@H) 2. 18- 2 30 ( m
(1 SD 13(7' 30- 82030%‘%@“%3 c:>f rﬁc&otgn%( éi:striqligti_on?’ih%?és?’maz gn& rl])]rai%.l_hl' he eﬁect o(ft 44
immunization on nicotine distribution in the plasma and brain was determined by
administering to animals (pre-immunized with an anti-nicotine vaccine) 0.05 mg/kg of (-)
nicotine hydrogen tartrate containing 3uCi *H-nicotine in 100uL of PBS over 10 seconds
via tail vein infusion. Blood was obtained 5 min later via cardiac puncture and the
20 plasma was collected. The mouse was immediately perfused with PBS by injecting
20mL into the left ventricle of the heart over 1 to 2 min and the brain was harvested and
weighed. The brain was digested at ~50°C for 72 hours in 1mL digestion buffer
(100mM sodium chloride, 25mM Tris, 2omM EDTA, 0.5% Igepal CA-630 and 0.3mg/mL
proteinase K per 100mg tissue). 100 pL aliquots of brain digest or plasma were mixed
25  with 5mL liquid scintillation fluid and levels of radiolabelled nicotine were determined by
liquid scintillation counting.
Competition ELISA to determine specificity of antibodies induced by anti-
nicotine vaccines. The specificity of anti-nicotine antibodies was determined using a
competition ELISA as follows. 96 well Inmuno Maxi-Sorp ELISA plates (VWR) were
30 coated (100 pL/well) with a Nicotine-BSA antigen solution at a concentration of 1 pg/mL
in carbonate buffer (Sigma-Aldrich) and incubated ovemnight at 4°C. The plates were
washed with phosphate buffered saline (PBS) containing 0.05% Tween® 20 (Sigma-
Aldrich), blocked with 200 pL carbonate buffer + 10% bovine calf serum (Fisher) for 1

hour at 37°C and then washed again. During this incubation, plasma samples,
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LCVS: 1.87 mn (100%, mz = 222.12 [ MtH| Preparati on 12b: Pot assi um
nmet hoxi de (3.37g, 46.2mmol), in nmethanol (40nL), was charged to a solution
of 5-hydrweynicsisone (preparation 10b) (8.0g, 44.0muol ) pCcm/IBBLesas6 (40mL),
at between 0 and 5C. The resulting m xture was stirred for 90 10 m nutes
and then concentrated to dryness under reduced pressure at 45C

Boc- 1- Am no- 2- br onoet hane (14.8g, 66.0mmol) in dinmethyl formam de (80nl)
was heated to 50C under nitrogen, at which point the previously prepared
potassium salt of 5-hydoxynicotine was charged to the vessel, followed

i mredi ately by got assium carbonat e ﬁ6 79 @% 15The r sul ting

mi xt ure wBEViougl dgtesmingd o eeain apim "é’t'%‘?lﬂ“thQFFsc‘H egtiluted in 85 t enper at ure.

It was coa&ﬂahrngtoe@bwwd@én@muqe% w\mﬁa%alf%eaimgé&m%chiaeeb élt: n? or ange
SO u |on was

m Xxture was_stirred in , dloxaneiétSOedj

then fil t 8rhediesaroanee Y3l aPREIMatEY| TdYtor b BETRERA: ‘El"daqiﬁe@@f infiRitgy
aCId difi eg(mudtuheﬂdwtuhiﬁé adéty’lchfam@b @éﬂihﬂ:llﬁ@)‘imrbdllﬂ'tbé senaqlrylstmrvm z@gwnt Irat gd
unaer re uce ressu e resu | resi | SSOl ve I N
t etrahfdr UMu%éﬁ' ‘Q‘g‘l‘ﬂl?s &%H ?riﬁﬂea ”\RJ;’?"\”Héﬁ E?gq%b'f%“{?é‘? '8 and 5C,
Fmd t he PW{;W%T@W{ 96 Wwhll slafbamaé;lw%em meutsaléwrmqmu(—&ﬂ%rtc%m)- The
ayers O resu I N 1P aSIC xture were s e ueous
o s Folbalg Rautata, P REsEE SR bP N e e Acaen ) (aq L meis Bed - or gani o
| ayers weprvizasly dkicked Nﬁ:oﬁlﬁb—BBAQ:obféﬂ wdtb@eTWé)ﬂﬁl@U Webré cabdtedl f?i30.milhe crude
25 produc i.n DCM an rred for nutes, then filtered

t di ssol ve
oot ho- THARE angIfen weshadpagin dbady bindng s eleatid AN d4ab BMGTIOUER | n
wi th fot olgeMRPESHaeMm $|6ta>ah)9<uumdmgmaﬂaﬁuammfem k%mmud@bs%nrvﬁéﬁlzg
sfgf g; .e. qu%} é&g)efo(r:?rﬁ%gp gt%?%? %,ggs(e\gﬁfgs g%g%\lgg%lngand @c@gteii vyé? (m
3H), 1. 850(pRen}ichedidmie &HydrddH)orldBQ@Pm%lﬁ&traﬁi'(ﬁ me@bF@lMablé‘th;ssBlvB@u( CI

éH)ZB ?s . Ilf’?m natd C'trafe%r%ﬁﬁ'ﬁ'f‘l_%&ﬁdré?"éth? fiarm‘?ryfz(j A I_gmperat]fjre ’

(trans- 4- S rddetiol was stbpp@&d by the)dddribh &f 5o at of4N sulphurlc acid (VWR) to each

Xl ]Sg?/lr]lgfjlo{o]{e@ X(lj lé%%oé?%& %%rLPs?anDXrI ;utgr%lap '& glte agBtreag)lngsC'_&S% nm weOAN o
? { 5- [ (2Sploftedragdiist phye m@lairdbrlit:eatryﬂldrmfrmrdlbltbrrlarﬂtr}dxﬂg/ﬁ)gfhnﬁlh@f rwars(e 5 )
preparation 4 in 2-methyltetrahydrofuran (2nml) was
treat ed, ﬁ%tfarPJét‘#fgr%‘fh ?ﬂr?‘ﬁng%gﬁjs 4-tert-but oxycar bonyl - cycl ohexane

car boxyl ic acid (132ng, 0.502mmol) foll owed by T3P (5801J1, 0.91mml) and
t hen Et 3N After stirring for 3 hours, the solution was
treated \AFI‘#%'P%ZWO 38mmol ). After stirring for 18 hours the

sol uti2on was CTHeqeBserirentioh |yamut®atamdybhenowsiutddlm the solloddirpreparatiors0 MeOH

d lied, to SCX- t th MeOH foll db
anm(ﬁfjg :ﬁ ﬁm@eimwﬁﬁ@m@ "gBﬂWQI’rﬁv'ﬁ ’fssraiﬁhj"?g szvere conce(rjltrgINgd |%

VaCUO an:I Iﬁle rCDI u C |Ju| I I I Cu IJy \.IUI uIIII \;hl UIIﬂ.L Uul a'JIIy UII DI I I ua u I
el uting MA t;ln(gﬁaOAc: VeCacbiBated saldii@ndf dnmroonid irDwétet poessdifg 4 kpéaifigi ve t he
title coppound as a |guavifyb8088§0 64% . 151H NMR (400 MHz, CDCI3) 6 =
1.04-1. 14 (m 2H— 142 (s 91+ 48-159(m2H— 165174 (mH,
1.79-2.02CD& 7H), 2.WHorRfand- C(1br m 2H) 2.13-2.22 (m 4H), 2.26- 2.33 (m
H, 2.60{2:64 (t, 2H); 3 04-3708 (1, H, 3:720-3-30 (m 3H, 340 (brm H),
4.39 (brnfelp® 5 56 (Folir@tlorkﬁgen? 50 (t, H), 8.30-8.31 (d, H), 8.34-8.35 (d,
H). Cl Chemical ionisation

DCM Dichloromethane

dPBS Dulbecco’s Phosphate buffered saline

DMF N,N-Dimethylformamide

ES+ Electrospray ionisation positive scan

EtOAc Ethyl acetate
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M5, m z=568 ES+ [ MtH], 567 C [ MtH] 20Preparation 14: tert-butyl
(19-{5-[(26)-1-met hyl pyrrolidin-2-Apyridin-3-yll-

15- ox0- 3,W02pU2518r r aoxa- 16- azanonadec- 1-yl) car bamat e  PCT/IB20Thes2tié | e
conpound was prepared by the general nethod described above for preparation
13, using 3-(2-{242-(2-tert-Butoxycarbonyl am no-et hoxy) - et hoxyFet hoxyl - 25
et hoxy) -propionic acid instead of trans-4-tert-butoxycarbonyl -cycl ohexane

carboxylic acid, to yield a pale yell ow gum (180nmg, 70%. 1H NWR
(400 MHz, CDCI3) 6 = 1.41 (s, 9H), 1.65-1.76 (m H), 1.78-1.86 (m 3H),

1.88-2.01 (m H)y, 2.13-2.21 (m 4H) 2.25-2.32 (m H) 2. .44-2 47 (t, 2H)
2.61-2. 65

EGN. 2H), 3 0Rtidnét. H), 3.19-3.29 (m 6H), 3.49-3.52 (t|, 2H),
1

3.57-3.62 (m 11H)y 13 70-3- 73 (t 2Hy 5 21 (brm H) 666 {brmH) 51

L] O o = QO—oT 11y =

7.
(t, H. Bn30-8.31 (dHddr,] 833(d H) 5NMS, m z=445 ES+ [ MtH|, 445 C

[NH‘H] Pr epar t+Hoen—15—tert—but 'y'l
(2-1(3-4 51I-[I(\IMB§ metRrgtopyNuctEar Magnetio/Résopanck n- 3-
yl } pr opy amnoj=2-oxoethyt Fcarbamate 0 €CH3 60 CH4€CH3 —=The titte —conpound

was prepatiderd)PMel qustarbb-qrelohdddiges)diipethaliodisidum(l)10pr epar ati on 13,
using te t-DUtoxyl carbonytam no-acetic aci d instead of trans-4-tert-
but oxycart b -cycl oﬂéq&aiéhremamwdnwwecwcym d a pale yellow gum
(133ny, v L NVR (400 MHz, CDOI3) 6 = 1.45 (s, 9A),
1, 66-1.77K4(e%r‘1N 1.[7geborgle m 3H), 1.91-2.02 (m H), 2.14-2.23 (m| 4H),
2.27-2.3AM% H q\%gﬁ6 (m 2H), 3.04-3.09 (t, H), 3.21-3.26 (m]| H,
3.28-3.34 ?r{ 2H), 3M9%6 (4, 2H), 5.21 (brm H). 6.29 (brm 15H)|, 7.52
(t, H, 8 32 (d, 35 (d, H. M5, mz=377 ES+ [ MtH], [377 O
[ M+H] N% %reparaM ”ef@"%hlé but yl

(3-[(3-{b ErMZS) 1- metNpulyr rol i di n-2-yl] pyridin- 3-
yl } propyl)am na] - 3- axapr onvl lcarbamate CH3 N C H30Q' Qi CH3 chiral 20The
title com\(pynd was prmrs%@cﬁym Bgk general nethod descri bed above faor
preparatijon 13, using tert-but nyvl carbonyl am no-propionic acid instead of
t rans- 4-t paitcpout oxycarptamu.hnw%rglr@gane car boxyl i c aC| d, toyield a pale
yel | ow gum{130mg—43%-

T3P propanephosphonic anhydride, 50% w/v solution in ethyl acetate

'H NMR spectra were in all cases consistent with the proposed structures.
Characteristic chemical shifts (8) are given in parts-per-million downfield from
tetramethylsilane using conventional abbreviations for designation of major peaks: e.g.
s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet; br, broad; brm, broad multiplet;

5 brt, broad triplet.

LCMS, unless otherwise indicated, was performed under the following conditions:
Waters XBridge C18 5nm, 2.1x30mm column, 0:100 to 95:5 over 3.1 min,

MeCN:(10mM (NH4):HCO3 aq).

10 PREPARATIONS
Preparation 1: (S)-3-bromo-5-(1-methylpyrrolidin-2-yl)pyridine (or 5-

N
\
C

bromonicotine)

Br:

This compound was prepared following the method described in J. Am. Chem.
15  Soc., 2007, 50, 15434-15435.

H
x
H

N/ 3
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1H NWVR (400 MHz, CDCI3) 6 = 1.41 (s, 9H), 1.67-1.75 (m H), 1.79-1.88 (m
3H), 1.91-2.00 (m H), 2.14-2.23 (m 4H), 2.27-2.33 (q, H, 2.37-2.40 (t,
2H), 2. 62w0.2608/15m807252H), 3.04-3.08 (t, H), 3.20-3.30 (m®CTABH011/8523% 3. 41
(g, 2H), 5.26 (brm H), 6.00 (brm H), 7.52 (t, H), 8.31-8.32 (d, H), 8.34
(d, H. M, mz=391 ES+ [ M+tH], 391 d [MtH E Preparation 17:
tert-butyl (4-[(3-{5-[(2S)-1-nethylpyrrolidin-2-yl]pyridin-3- yl}propyl)
am noj - 4- oxobutyl }carbamate o 0 CH3HH F

ON ........ ---- G- 00 i T, R N Hi
"N, CHB 15chi raI The t|t| und was ared by the general nethod
descri bed abo s(pt;}ac?}p%p%{pp 1@9 28,21 E@n [) was dlsg’olved mq ,4-dioxane (60

2-(2-terpm | L ISXi)-Naoehe .48t 408 aaspd as
it .?‘”Xﬁ“@“*@m“f’ﬂﬁﬁﬁmd%%“ o o B e ot
trans- 4-t WA aSQﬁg%{%J'ea'PBGMW éytﬁﬂotﬁ@!! -df f'@d)@éq 98242 BV el d a

col our| es:ﬁwﬂ% w4 SESinuelBid 10 m|n then methoxyé/cyclob&aﬂ@ﬁe reilin(MHmePEB3) 6 =
1.2

]2' gi (2368 mmol%wgg{ aéd% ﬁ{e rep&tlongn%tijr% %hﬁgpﬁd ﬁj re%lgx W@r&are(f'é? 3H),

3.53-3. 5613hour3H)The%oﬁé’nt&vé%%v@ﬁbrafﬁd)and&hg%sﬁ@e @éé)olveﬂ ||99Ie@H oo L). 6. 88
(brm 65 ES+ O[n M‘l‘H]

465 O [M?pfp 3\Aﬁ3t %?@%@@csrﬁgﬁ‘ﬁ%?e%wmgo mL) Waswrd@ﬁa@a fngyegef

tert - but ymixtdre{héaledt Bﬁ‘f}(f&fé hdurSEARYhdhE SEhitichi (M0%-a4.,| 100rmhidi wiasSaddel} pr opy! )
am noj - 2- ox et hoxéget h% carbanma S prepar ed by

np
B 2 R L PRl e capactpd s S g g 5%
(2-tenp- bwcahbeawbmmmbb@md)amﬁé bﬁ:dé@r@bdcﬂwhepduf% ti:yrf@eﬁ 5

4-ter I r , to el | ow
tert- but OX%@ rap 5%y|ﬁe8ﬂ?ﬁ(83ﬁﬂ)‘i8‘gf\°/ the tltﬁa compound as%n orange &%%4)/
gum (105nf
g, 63%).
'H NMR (400 MHz, CDCl,) & = 1.68-1.70 (m, 1H), 1.80-1.82 (m, 1H), 1.92-1.94
(m, 1H), 1.99-2.02 (m, 1H), 2.03 (s, 3H), 2.20-2.34 (m, 1H), 3.08 (t, 1H), 3.20 (t, 1H),
15 7.86 (s, 1H), 8.42 (s, 1H), 8.54 (s, 1H).
Preparation 2: (S)-3-(5-(1-methylpyrrolidin-2-yl)pyridin-3-yl)acrylonitrile
Cr A NS N
CH

IN/

A mixture of (S)-3-bromo-5-(1-methylpyrrolidin-2-yl)pyridine (preparation 1) (300

3

mg, 1.24 mmol), palladium (Il) acetate (14 mg, 0.06 mmol), tri(o-tolyl)phosphine (75 mg,
20 0.25 mmol) and triethylamine (0.35 mL, 2.48 mmol) in MeCN (10 mL) was degassed by
bubbling argon through. Acrylonitrile (0.12 mL, 1.87 mmol) was then added and the
reaction mixture heated at reflux temperature for 18 hours. The reaction mixture was
cooled to room temperature, filtered through Celite, and the solvents evaporated to give
a brown solid. The crude product was purified by flash chromatography (2% [20%
25 ammonia in MeOH] in DCM) to give the title compound as a red-brown oil (188 mg,
71%, mixture of cis and trans isomers).
'H NMR (400 MHz, CDCl,) & = 1.60-1.79 (m, 1H), 1.80-1.90 (m, 1H), 1.90-2.04
(m, 1H), 2.17 and 2.19 (2 x s, 3H), 2.16-2.40 (m, 2H), 3.11-3.30 (m, 2H), 5.57 and 6.00
(2xd, 1H), 7.16 and 7.40 (2 x d, 1H), 7.80 and 8.26 (2 x s, 1H), 8.57 (s, 1H), 8.60 and
30 871(2xs, 1H).
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CH30 NONN CH3H CH3CH3  chiral
2.16-2.24(m 5H), 2.31(q, 4H),
1H), 3.32wB.287/15m3074H), 3.56 (t,
(br, 1H), 7.54 (t, 1H),
Preparation 20: tert-butyl

1H NMR (400 MHz, CDCI3) 6 =
2.66(t,

2H)
8.33-8.36 (m 2H). MBS m z=421 ES+ [ MrH]

1.43(s,
2H), 3.24 (t,
4. 98 PCTOBYM 1/03kl6,

1H),
3. 94(s,

3.07 (t,
2H),

(5-1(3-{5-[(2S)-1-nethyl pyrrolidin-2-yl]pyridin-3- yl}propyl)

am no] - 5- oxopentyl } carbamate H CH3

CH3 ONNN CH 3,e cH3 chiral

Preparation 3: (S)-3-(5-(1-methylpyrrolidin-2-yl)pyridin-3-yl)propanenitrile

NCWN
7 CHs

(S)-3-(5-(1-Methylpyrrolidin-2-yl)pyridin-3-yl)acrylonitrile (preparation 2) (185 mg,
0.87 mmol) and 5% Pd/C (50 mg) in MeOH (5 mL) were stirred under an atmosphere of
5 hydrogen for 72 hours. The reaction mixture was filtered through Celite then the solvent
evaporated. The crude product was purified by flash chromatography (5% [20%
ammonia in MeOH] in DCM) to give the title compound as a pale yellow oil (141 mg,
75%).
'H NMR (400 MHz, CDCl,) 8 = 1.66-1.78 (m, 1H), 1.78-1.89 (m, 1H), 1.89-2.02
10 (m, 1H), 2.17 (s, 3H), 2.17-2.25 (m, 1H), 2.31 (q, 1H), 2.65 (t, 2H), 2.97 (t, 2H), 3.10 (t,
1H), 3.24 (t, 1H), 7.61 (d, 1H), 8.38 (s, 1H), 8.44 (s, 1H).
Preparation 4: (S)-3-(5-(1-methylpyrrolidin-2-yl)pyridin-3-yl)propan-1-amine

N
\
CH

HoN | N

N/

(S)-3-(5-(1-Methylpyrrolidin-2-yl)pyridin-3-yl)propanenitrile (preparation 3) (140

3

15  mg, 0.65 mmol) and Raney nickel (60 mg) in 20% ammonia in MeOH (50 mL) were
stirred under 50 psi hydrogen at 50 °C for 4 hours. The reaction mixture was filtered
through Celite then the solvent evaporated. The crude product was purified by flash
chromatography (7% [20% ammonia in MeOH] in DCM) to give the title compound as a
pale yellow oil (126 mg, 88%).

'H NMR (400 MHz, CD30D) & = 1.70-1.85 (m, 3H), 1.85-2.03 (m, 2H), 2.15 (s,
3H), 2.35 (q, 2H), 2.59-2.78 (m, 4H), 3.12-3.37 (m, 2H), 7.70 (s, 1H), 8.31 (br s, 2H).

LCMS: 1.91 min (97%), m/z = 220.16 [M+H]"

Preparations 5 and 6: (S)-2-chloro-5-(1-methylpyrrolidin-2-yl)pyridine (or 6-

20

chloronicotine) and (S)-2-chloro-3-(1-methylpyrrolidin-2-yl)pyridine (or 2-

25 chloronicotine)

9H) ,

1H), m
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15The titl e conmpound was prepared by the general nethod described above for
preparation 13, using tert-butoxyl carbonyl am no-pentanoic acid instead of
trans- 4- twotbutisxgecar bonyl - cycl ohexane carboxylic aci d, PCo/IB20al/052a4¢pal e
yel l ow gum (191ng, 64% . 1H NWR (400 MHz, CDCI3) 6 = 1.43 (s, 9H,
1.47-1.53 (m 2H), 1.63-1.75 (m 3H), 1.80-1.89 (m 4H), 1.94-2.05 (m H)
2.16 (s, 3H), 2.16-2.23 (m 2H), 2.31 (q, H), 202.65 (t, 2H), 3.07 (t, H
3.14-31.6 (m 2H) 3.22-3.30 (m 3H), 5.30 (br, H), 5.80 (br, H, 7.53 (t
H, 8.33 (m , 8.35 (m H). M5 mz=420 ES+ [ MtH| Preparation 21:

taﬁ{Eo]b”%y'oxohe{zméamhé@wr%%a'r olining s meihpeabaesbod 1 Busddre

The titl ecaemn@o0e 3was-as6spared by the general nethod described above for
preparation 13, using tert-but oxgl car bonyl am no- hexanoi ¢ aci d i nstead of

trans-4- tertbLﬁLBYN' & in kxanshSednle 105 HHRY Wag adeedito q 3PS a pal e
yel | ow gugin{ely Téfﬁmo&ﬂ%ol (4.8 nIVB2 (543 fholyiiz hextaRes B)0 L Fatl-282C] . SY- 4-m 2H)

1. 43 1, 46- 1, 54 5 1.69-1

1.81- ggagﬁ%m%{foo g, 3%%"%5“%"%?%3% (gé"h“@sgi?d%@%mﬁ re%ct@a mi gr% 2. 65

(7 t ,532H), atar%aag—gﬁ °Crfor BhBuSr FhérebnBdiUtidh V\r%d)thzrgz&%eé{tbr ;78HC, arfl. 63 (br, H),
. +

b opar at | BtashomeianegY: o, 133 (e whs et ThadRagiop IKbTe e stired fo

n-2-yl] py}sn’) dimaB-781C theh RuERNeH byhdadditiorcofaineRénilih ealohastsae 20). 65% ) LH

GHBO NN 'ar%_gMﬁ-rllélr(gclq.) were added. The aqueous layer was washed with DCM (x2) and then

10  basified by the addition of ice / ammonia (aq.). The aqueous layer was extracted with

DCM (x2), dried over MgSO,4 and evaporated. The crude products were purified by flash
chromatography (20% ethyl acetate in hexanes) to give 6-chloronicotine (preparation 5)
(2.2 g, 36%) and 2-chloronicotine (preparation 6) (120 mg, 2%), both as yellow oils.
6-chloronicotine: '"H NMR (300 MHz, CDCl3) 6 = 1.58-2.01 (m, 3H), 2.14 (s, 3H),
15 2.10-2.23 (m, 1H), 2.28 (q, 1H), 3.05 (t, 1H), 3.19 (dt, 1H), 7.26 (d, 1H), 7.64 (dd, 1H),
8.27 (d, 1H).
2-chloronicotine: '"H NMR (300 MHz, CDCls) 3 = 1.45-1.60 (m, 1H), 1.76-1.98 (m,
2H), 2.22 (s, 3H), 2.31-2.49 (m, 2H), 3.24 (t, 1H), 3.55 (t, 1H), 7.20-7.29 (m, 1H), 7.93
(d, 1H), 8.24 (dd, 1H).
20 Preparation 7: (S)-2-(5-(1-methylpyrrolidin-2-yl)pyridin-2-yloxy)ethanamine

He s
BN e
SN CHs

Sodium hydride (60% in oil, ~500 mg) was added to 6-chloronicotine (preparation
5) (690 mg, 3.5 mmol) in ethanolamine (3 mL). After 15 min at room temperature the
reaction mixture was heated at 80 °C for 16 hours. The reaction mixture was partitioned
25 between ethyl acetate and water. The aqueous layer was extracted with ethyl acetate,
dried over MgSO, and evaporated. The crude product was purified by flash
chromatography (5% [20% ammonia in MeOH] in DCM) to give the title compound as a
colourless oil (44 mg, 6%).
'H NMR (400 MHz, CD;0D) & = 1.71-2.00 (m, 3H), 2.17 (s, 3H), 2.17-2.23 (m,
30 1H), 2.31 (q, 1H), 2.99 (t, 2H), 3.09 (t, 1H), 3.20 (t, 1H), 4.26 (t, 2H), 6.83 (d, 1H), 7.68
(d, 1H), 8.02 (d, 1H).
LCMS: 2.02 min (100%), m/z = 222.1 [M+H]"
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The title conmpound was prepared by the general nethod descri bed above for
preparation 13, using tert-butoxyl carbonyl am no-heptanoic acid instead of
trans- 4- twotbutisxgecar bonyl - cycl ohexane carboxylic aci d, PCo/IB20al/052a4¢pal e
yel l ow gum (204ny, 55% . 151H NWR (400 MHz, CDCI3) 6 = 1.31-1.35 (m 4H),
1.44(s, 9H), 1.44-1.49(m 2H), 1.60-1.67 (m 2H), 1.70-1.77 (m H),
1.81-1.89 (m 5H), 1.94-1.99 (m H), 2.13-2.23 (m 5H), 2.30 (g, H, 2.65
(t, 2H, 3.05-3.12 (m 3H), 3.22-3.33 (m 3H), 4.37 (br, H, 5.68 (br, H),
7.53 (t, H, 833 (m H, 835 (m H. M nlz=448 ES+ [ MtH] 20Preparati on

5 1650 oxo. 4 Preparationd sSha tr U-meinisveoie n Zmiryai i Sodehatemine 5. s
00 chiral CH3 The title conmpound was ra-par?? by the general nethod
N Ng

descri bed above for 25 preparationf1l3\
N-(3-{242-(3-tert-butoxycarbonyla r opxy) - et hoxyFet hoxy} -

propyl) - succi nani ¢ acid i nstead of N¥a s-AC’I_tlert-but oxycar bonyl - cycl ohexane
carboxylic acid, to yield a pale yello gum?(284rrg, 53%9. 1H NWR (400 MHz,
CDCI3) 6 =1.43 (s, 9H), 1.71-1.77 ( 9H), 1.87-2.02 (m 4H), 2.16-2.22
(m 4H), 2.30 (g, H, 2.63 (t, 2H,y3.06 (t, H, 3.19-3.28 (m 5H), 3.33-
3.37 (m 2H), 3.51-3.65 (m 12H) 809 (br, H, 6.59 (br, H, 6.64 (br, H,
7.52 (t, H), &cﬁﬂjr(\hydrltbe,(Gﬁ%Sﬁo(l mZOBI)mg)N&srddZSEBMZEBIbrdMﬁhe (preparation
Prepar at i : . . .

trans- 4- aﬁfﬁééﬂl‘\’(’ 9-61mneb & ethanglamine (¢ My AGPRIS™N TGP EPRBEEYR 18 opy! )

](c:ycl ohezarwgﬂdir’gmm' das heateﬁ atﬂogolfdlal_t 1;16_)hibtm§. ‘lrm tea_btit_iryﬂnixture was partitioned

t - 1 -2- -3-.

e bétegm el kgt B Wad The aetiedlisTaver Wik etudlod ith ethypacetats, oorrol )
L o e e T et o ohot |
S0 s ot BmBlaar Y B e HF sl I AERER R RE M | Ss B atE Rofbiiada ool | o
t(2) an SﬁXe??ggs_sroild@,é nagm_"/ﬁ! ut ed Wldt h MeOH fgl I ovvedrby amimni/a in l\/ﬁOHi Ve
Coad e Lraokd SR 08 ChABI 8 T 04 FoTm’ T05 e B8 R 3200eL © L0y
6 = 1. 02-3H)],2.Z3F|2 4K, 2H), 8D31t, 261),(3119 BHH), 3.537¢ AHZ B4 A (SLRH), B.IB2- 2. 21

(0 41 BB dong Wy 00, 2 J0p 3,00 (150 5

LCMS 2.03 min (99%), m/z 2221 [M+H]"
Preparation 9: (S)-3-(4-methoxybenzyloxy)-5-(1-methylpyrrolidin-2-

eO
\O\/ § :=’/>
T
P o

(plus 4 or 6 isomer)

15  yl)pyridine

Sodium hydride (60% in oil, 650 mg, 32.5 mmol) was added to 4-methoxybenzyl

alcohol (1.4 g, 11.6 mmol) in DMF (10 mL). After 30 min at room temperature 5-
bromonicotine (preparation 1) (1.4 g, 11.6 mmol) in DMF (2 mL) was added. The

20 reaction mixture was heated at 90 °C for 16 hours. The reaction mixture was partitioned
between ethyl acetate and water. The aqueous layer was extracted with ethyl acetate,
the organic layers combined, dried over MgSO, and evaporated. The crude product was
purified by flash chromatography (2.5% — 5% MeOH in DCM) to give the title
compound as a yellow oil, mixed with ~30% of another isomer (402 mg, 23%).
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M5, nmlz= 345 and 367 ES+ [M+H and [ MtNa], 345 C [ MtH| Preparation
25: l-amno-N-(3-{5-[(2S)-1-nethyl pyrrolidin-2-yl]pyridin-3-

yl } propywo200,/31802- t et r aoxapent adecan- 15- ani de o PCT/IB021/05264462
conpound was prepared by the general nethod described above for preparation
24, starting frompreparation 14, to yield a colourless gum (149ny, 100%.
1H NWVR (400 MHz, CDCI3) 6 = 1.64-1.75 (m H), 1.77-1.99 (m 7H),
2.12-2.21(m 4H), 2.25-2.32 (g, H), 2.44-2.46 (t, 2H), 2.60-2.64 (t, 2H),
2.82-2.85 (t, 2H), 3.02-3.06 (t, 25H), 3.19-3.29 (m 3H), 3.47-3.50 (t,
2H), 3.59-3.61 (m 11H), 69-3.72 ,. 7.50 (t, H),

8. 30- 8. 31 (d paration 1(°d?s)l'-ﬁ “'WB‘“VSTMM'QGWQMIPYA'&'@ES# (O'N¥H and [ M+Na] ,
467 C rox n|cot|na epar at i on 26:

N ( 3- {5 [( 8) - 1- met hyl pyrrolidin- é Apyr| d| n- 3- yl}propyl)glycinam de The
title conpound was prepared by tH t hod described above for 5

preparation 24, starting from prep atl to yield a colourless gum
(99mg, 1009 . 1H NI\/R(4 I3) 6:166201(m 7H),
2.13-2.22 (m 4H), 2.27-2.33 (q, H),N2.62-LHs (t, 3.05-3.09 (t, H),

508 L b 4 oo U et
[ MtH] 3 0P(pegraratiand®) (200 mg, 1.34 mmol) was stirred in trlfluoroacetlc acid (2 mL) and DCM

N (3-{5- - I L, 0= e '
be§ a- gl aLsz'%H%{a%ton%' %%rr%(gﬂb ﬁ'%gyéc\lc’)%%\{?%&tgd Hérngéogr ea&l) [:?tec{ Wlth gener al
met hod deBEM (S)anhd0% dnamompia épMe@H. d'memdesﬂ?radluctmgianUUflerb)efﬂmhat | on 16, to

1. G5+ 1 700 mOMedSRp Tk A it RN 1o e 1 GfRobdint ey i B 5T oy
2.62-2.66mgt 94%H), 2.98-3.01 (t, 2H), 3.03-3.08 (t, 2H) 3.20- 331(m 3H),
and 313 Esr | VEYR (160 Wik, PothaB-22pagth, ob 2adt2 86 i il relfSs 612 2
4- am no- N3KR-3(&3 (b( 2.8YH)14 aB(bryd. gih.ric42 @i, AHR-BAI/(si thih 820 (2,01 K } propyl )
butanam de | cps: 1.26 min (100%), mvz = 179.1 [M+H]'

Preparation 10b:(S)-Nicotine (564mL, 336.2mmol) and 4,4’-di-tertbutyl-2,2’-
dipyridyl (5.41g, 20.2mmol) were added successively to a solution of

15  bis(pinacolato)diboron (59.8g, 235.5mmols) in 1,4-dioxane (218mL). The resulting
solution was degassed under vacuum, at room temperature, for 15 to 20 minutes and
then released to nitrogen. The procedure was then repeated twice more.

[Ir(cod)(OMe))2 (6.7g, 10.1mmol) was charged to the reaction vessel and the
reaction mixture was degassed under vacuum, at room temperature, for 5 minutes, then

20 released to nitrogen. The procedure was then repeated twice more.

The resulting solution was heated at 85°C for 16 hours, after which time analysis
indicated complete reaction. The reaction mixture was cooled to room temperature and
concentrated to dryness under reduced pressure, at 50 to 55°C. The resulting orange
residue was dissolved in tetrahydrofuran (740mL) and the solution was cooled to

25 between 0 and 5°C. Acetic acid (52.1mL, 908.8mmol) was charged to the vessel,
followed by slow addition of hydrogen peroxide solution (30%, 43.1mL, 454 4mmol),
maintaining the temperature at between 0 and 10°C. The resulting mixture was stirred
for 16 hours at room temperature, after which time analysis indicated complete reaction.

The reaction mixture then was cooled to between 0 and 5°C, and quenched by

30 the addition of aqueous sodium metabisulphite solution (30%, 50mL). The pH of the
resulting mixture was adjusted by the addition of concentrated ammonium hydroxide

solution (130mL). The layers of the resulting biphasic mixture were separated and the
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ori-j(NH N) H2NI CH3
chiral The title conmpound was prepared by the general nethod

descri bedwalkouelsisor preparati on 24, starting from prepaPariiB2i11@524460 yi el d
a colourless gum (104ny, 99% . 1H NMR (400 MHz, CDCI3) 6 = 1.65-2.00
(m 9H), 2.13-2.32 (m 7H), 2.61-2.65 (t, 2H), 2.72-2.76 (t, 2H) 3.03-3.07
(t, H 3.20-3.30 (m 3H), 6.22 (brm H), 7.50 (t, H, 8.30-8.31 (d,
8.33-8.34 (d, H. M5, mz= 305 and 327 ES+ [ MtH and [ MtNa], 305 O [ M+H|
5Preparation 29: 2-[2-(2-am noethoxy)ethoxy]-N(3-{5-[(2S)-1- nethyl pyrrol
1di n-2-yl]pyridi n-3-yl}pr acet am de The
Ll e conpuians s prs b BratRp WAluclyamiar sl ardBHURL N T comRI SRR or
preparati p yer%flweréhaﬁédn&ateart@mvertle@aﬁaé lc@rlﬁpé@nd ésparvmhge BOMAlWRSS gum
(49mg, 100 10 1H NWVR .02 (m

. 4H), 2. Byifieddy ceme%rémgtoggp_pgygﬁsllpa ggﬁ_ﬁj\/leOi—l BPGMg3 tq 20 %)ZH%?)remQ"% 3.10
(t, 1H) ﬁrezﬂa 3r|t 6f nhpuriliEs, fol%m%a-by\'i‘ur@rﬁarbﬁlum?ﬂ'&worﬁatﬁéra ﬁ?ﬂﬁ)’% TEF)to 34 (g

3.63-

H, 8. §5 f °"ﬁ)'s %'C'WPES"%SG?IP&%E wgwxmt[w%s '%FH%Fef‘ |_q'°“’£§88""cﬁ2%{3’|\/++|—|]
15Preparah3%ry.&@ d2 (2- am noet hoxy) hN—(3 {5- RZS) 1- rn;t gyl pyrrol [ dijn 2-f
The titl [ e ner al escri pe ove for
or epar at .‘eoﬁ"gﬁ‘?'”@&ﬂgrvﬁ%&wzf %ﬁwépa} 26235 150 Ay TR R e Boeht ow e
ga)?rrg,z ig@gﬁlzt 20), 823N 1H) HYE D Bls, GHY; 8l05@; 1HR7 (m 6H), :2)) é; Ets
H ., 3.26 (m rgperag%n(ﬁ &M}eﬂ %UHQ%Z-E%E ﬁéhw@% dge- -v»&?y"dw (br, H).

7.55 (b, YloxyfetRficabantdte 8.35 (d, H).

Boc, -
I@*wj
N= CHs

(S)-5-(1-Methylpyrrolidin-2-yl)pyridin-3-ol (preparation 10) (175 mg, 0.98 mmol),
tert-butyl 2-bromoethylcarbamate (5650 mg, 2.45 mmol) and potassium carbonate (676
mg, 4.9 mmol) in DMF (7 mL) were heated at 90 °C for 16 hours. The reaction mixture
15  was partitioned between ethyl acetate and water. The aqueous layer was extracted
with ethyl acetate, dried over MgSO, and evaporated. The crude product was purified
by flash chromatography (6% — 10% MeOH in DCM) to give the title compound as a
yellow oil (108 mg, 34%).
'H NMR (400 MHz, CDCl3) & = 1.42 (s, 9H), 1.70-2.00 (m, 3H), 2.17 (s, 3H),
20 2.09-2.20 (m, 1H), 2.20-2.30 (g, 1H), 3.15-3.26 (m, 2H), 3.45 (t, 2H), 4.08 (t, 2H), 7.43
(d, 1H), 8.07 (s, 1H), 8.13 (s, 1H).
LCMS: 2.62 min (100%), m/z = 322.15 [M+H]"
Preparation 12: (S)-2-(5-(1-methylpyrrolidin-2-yl)pyridin-3-yloxy)ethanamine

H,N"N\_-O HG
N~ (\3H3

25 Preparation 12a: (S)-tert-butyl 2-(5-(1-Methylpyrrolidin-2-yl)pyridin-3-
yloxy)ethylcarbamate (preparation 11) (105 mg, 0.33 mmol) was stirred in trifluoroacetic
acid (1 mL) and DCM (5 mL) for 1.5 h. The reaction mixture was evaporated, then co-

evaporated with DCM (x5) and 20% ammonia in MeOH. The crude product was
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M5, m z= 321 ES+ [ MtH| Preparation 31

5-am no-N-(3-{5-[(2S)-1-net hyl pyrrolidin-2-yl]pyridin-3- 25 yl}propyl)

pent anamwo 2011H5807H2N/ \ /\) Ni N CH3 chiral 50 The titl| e PCOMPLUNOS2MES
prepared by the general method descri bed above for preparation 24, starting
from preparation 20, yielding a pale yellow gum (78ng, 54% . 1H NWVR (400
MHz, CDCI3) 6 = 1.46-1.52(m H), 1.64-1.72 (m 3H), 1.81-2.02 (m 7H),
2.15-2.24 (m 5H), 2.31(q, H, 2.65 (t, 2H), 2.72 (t, H, 3.07 (t, H,
3.20-3.32 5(m 4H) 5.79 (br, H, 6.25 (br H), 7.53 (s H, 833 (m H,
8.35 (m 19 ES+'_£¥NH(I,-I] o paration

6- ami no- NP ’ﬁ'e{’é’y[ﬂ@E'S)’hri’"}?E%ﬁ% %?/ﬂ??élaﬁ“’?%‘)ﬁ]"by'fepbﬂw %CWF‘}%Y%BVI%“G

hexanam dgompoukd e ydibwailqePhRyLBs%yas prepared by the general nethod
descri bed above, for preR)Aaratlon 24, starting _fraom SNBﬂratlon 21, yielding

a pal e yel | ow GUIWRABPYMHzgEPCl) 6 = 1.70-2.01 (m, 3H), 2.1 ) 24502 R4M. T 3) 6
= 1.32-1. 4&) (2rao-2h{) (m11|5)031)33172(-|m3’r3323 (5\9294) Zt(bdqmzH%H? 441d 8|Lr)188§ (m

3H), 1 87 % 5(s, 3H), 2.15-23 (m 3H), H, 2.63
(t, 21, &78 B({E(SHi 3 06 (t, H, 3.19-2.29 (m 3H). 15|vs mZ_ 333 ES+
[ M+H] Priamas &4 8P i Bi00%) airzt022¢ {SM-EHJf ( 2S) - 1- met hy!l pyrrol i d

by the ]gﬁﬁre'r oI PrBRAGR a%@%w%%%fnaa%b%x”q?eﬂsd%TE&%\'gﬁé)flnérﬁe 3103487Ek hg From
prepar at i @@s 3harg¥d & éjdeIthdh dTiﬂ-IWOY Bt (PrdfaPatdn 196998.0g, 44.0mmol) in
(m b oyane! il ot pptweer gang 56 (T%F r%ﬁiﬂkgnglm%@?éweasw a0 7 27(s.
3H), 3015mihutes 4nd théﬁbono'énﬁrate(d(lo dighesurfdfer (’éducé{&resgurébt @s5sc.H), 3.08 (t,
||:|)|) g ég_ ?'m33 o_rg-1-ﬁmir’]o-g-b?ogsméeqrr]énel_&21.88,' gengr(nPnro’l) in i’me7thy? ?orgn%’miw (80%654 (m
was heated to 50°C under nitrogen, at which point the previously prepared potassium
salt of 5-hydoxynicotine was charged to the vessel, followed immediately by potassium
carbonate (6.7g, 48.4mmol).
15 The resulting mixture was heated at 85°C for 4 hours and then cooled to room
temperature. It was concentrated under reduced pressure at 50°C and the resulting
orange mixture was stirred in 1,4-dioxane (50mL) for 15 minutes. The solution was then
filtered and the liquors were cooled to between 0 and 5°C, then acidified with 4M HCI in
1,4-dioxane (65mL). The mixture was concentrated under reduced pressure at 50°C
20 and the resulting residue was dissolved in tetrahydrofuran (30mL). This mixture was
then cooled to between 0 and 5°C, and the pH was adjusted with sodium hydroxide
solution (10M, 45mL). The layers of the resulting biphasic mixture were separated and
the aqueous layer was re-extracted with tetrahydrofuran (2x 50mL) The combined
organic layers were concentrated to give the crude compound as a red oil. The crude
25 product was dissolved in DCM and stirred for 10 minutes, then filtered and the liquors
were loaded onto a silica column and purified by eluting with 5 to 30% methanol
(containing 20% ammonium hydroxide) in ethyl acetate. The title compound was
obtained as a yellow oil, 7.15g (73% yield).
'H NMR (400 MHz, CDCl;) & = 1.65-1.80 (m, 3H), 1.85 (m, 1H), 1.95 (m, 1H),
30 2.19 (s, 3H), 2.21 (m, 1H), 2.35 (q, 1H), 3.12 (m, 3H), 3.28 (t, 1H), 4.08 (t, 2H), 7.28 (s,
1H), 8.15 (s, 1H), 8.23 (s, 1H).
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25M5, m z= 347 ES+ [ MtH] Preparation 34:

N-(3-{212-(3-am nopropoxy) et hoxy] et hoxy}propyl)-N -(3-{5- [(2S)-1-nethyl
pyrrol i diwo2eu/ispori di n- 3-yl } propyl ) succi nam de 0 5The ®PCThB20a0newnd was
prepared by the general method descri bed above for preparation 24, starting
frompreparation 23, yielding a pale yellow gum (120ng, 51%.

1H NWR (400 MHz, CDCI3) 6 = 1.71-1.87 (m 6H), 1.90-2.02 (m H), 2.16 (s,
3H), 2.17-2.24 (m H, 2.30 (q, H), 2.40-2.51 (m 6H), 2.61-2.67 (m 2H),
2.87 (t, 2H), 3.22- 3.29 (m 3H), 3.31 (g, 2H), 3.51-3.65 (m 12H) 6. 85

br, , 6.9 b M5, mz=
(52r2 Eg)+ [M+H]5 reE)arat oprgpgﬁrkg;pty,l]l_%gns-ﬁéﬁ{Sﬂéﬁ%ﬂmethylpyrrolrnln-lgz z
trans- 4- ridih{32 b diph ddhé‘hﬂ'}c el di n-3-yl }ox
(et hyl ] car ggﬁ%yll?éyf?%rhg%)ga%gm I aMHrﬁ)ét .-0 N CI—% }0 KI) CH3 15A
solution of 2-({5-] (Za_ll rrethyl pyra%lldln 2- yI]pyr|d|n 3-yl | oxy) et hanam ne

(preparation 12) (55 30025 JrN 2- net hyl t et rap.hy= furan (2nl) was
treated, with sti rdH3 o th §- 4- Ner ™50 ary¥ony} - cycl ohexane
car boxyl ic acid (91 0. YO foll owed by T3 (3§l7p1 0.498mmo1l) and

the Et 3N(118p1, nmlSI) After stirring for ursg % | ution was
treated with T3P(69pL 0.498mmol e). After stirling 20 fso? ™8 hours the
sol ution was cRBEERSH ¢it3el- [(ZB)Mamémhl@vﬁoMWZIﬁﬁ'rlﬁﬂﬁ-‘S%p‘ro akeranuiaei n MeOH and

applied to an SCX- tri | ut e foll owed b
Ammon & | mﬂm‘ér@f@dm&o‘gﬁm@ém%m fereraRE (D deedRalt Vi od 1 o
vacuo andsﬁrhﬁg athl teHne-4Pter Sut g carbo @@h@aaﬁbawn@rahw @821y i ca gel

R e R e

hO:JI‘ s t lhlegtirfmgi; foeeg@ummSeeswnSO i@h&ﬁa%dreatédaﬁltlDTSR)(ZBIDﬁE l\(lj B@mang | Aﬂémmmywcm g) ag a
pal e ye w_gum ) ; . =
D e ot A s T8 Seuiien Y congeptated inpvacuo apg hyreriaug Was tianymn

1. 87- 20 06 MeDHHMd aphlied to2ard 8CKR ddriridge which(Wasdilited AitAMeDB Doliowed by, WO

2011/ 15182%\%%/@' iﬁ%?e:HH ?~52%/IA)£.1§3roduct containing fractions were concentrated in vacuo and

the residue purified by column chromatography on silica gel eluting with
EtOAc:MeOH:NH; (gradient from 1:0:0 to 90:10:1) to give the title compound as a gum
(130mg, 64%).

15 'H NMR (400 MHz, CDCl;) 8 = 1.04-1.14 (m, 2H), 1.42 (s, 9H), 1.48-1.59 (m,
2H), 1.65-1.74 (m, H), 1.79-2.02 (m, 7H), 2.05-2.09 (brm, 2H), 2.13-2.22 (m, 4H), 2.26-
2.33 (m, H), 2.60-2.64 (t, 2H), 3.04-3.08 (t, H), 3.20-3.30 (m, 3H), 3.40 (brm, H), 4.39
(brm, H), 5.56 (brt, H), 7.50 (t, H), 8.30-8.31 (d, H), 8.34-8.35 (d, H).

MS, m/z=568 ES+ [ M+H]", 567 CI [M+H]"

20 Preparation 14: tert-butyl (19-{5-[(2S)-1-methylpyrrolidin-2-yl]pyridin-3-yl}-

15-0x0-3,6,9,12-tetraoxa-16-azanonadec-1-yl)carbamate

O\/\

O/\/NTO CHs /\/\(j%
CH3 .

O 3
chiral

The title compound was prepared by the general method described above for
preparation 13, using 3-(2-{2-[2-(2-tert-Butoxycarbonylamino-ethoxy)-ethoxy]-ethoxy}-
25 ethoxy)-propionic acid instead of trans-4-fert-butoxycarbonyl-cyclohexane carboxylic

acid, to yield a pale yellow gum (180mg, 70%).
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2.38-2.45 (q,1H), 3.24-3.29 (m3H), 3.55-3.58 (t,2H), 4.11-4.14 (t,2H),
7.45-7.43 (m1H), 8.10 (d,1H), 8.15-8.16 (d,1H. M5 mlz = 447 ES+ [ MtH],
447 ClI [ Mvbl2011/15B0@par ati on 36: tert-butyl (212-(2-([2-PC5ABIABY521467et hyl
pyrrolidin-2- 5

yl ] pyri di n- 3-yl }oxy) et hyl ] am no} - 2- oxoet hoxy) et hoxy] et hyl } car banat e CH3 CH3
CH3 0 0O NO CH3 chiral The title conmpound was prepared by the general
nmet hod descri bed above for preparation 35, using

[ 2-(2-tert-Butoxycarbonyl am no- et hoxy) - et hoxy] -acetic acid (prepared as

described in ew_ Chem e |nt 06 45( 30 4936- 4940 I nstead 10
of trans-4- te?ﬂ"g%MBdﬁ%%Wm%%:l bﬁéz%é%') 169565061 (g Hyych- 78-1 é (m dly a pale
yel | ow gunnaé-@tw(m 4@% 13@&%4&4&0@25@2&2 324@2:1710 éH)(gssﬂlzi)ss t1 72-1.81
(m1H), 1284 g I% H)3 2. 21 % I—% % 7%H)ll-i)
3.16-3.26 '(‘}n?’z%?’o (%6)331?23@9( HH). 493@?622'3‘)@ 7&o5(g. TUH 0917

4.16- 4. 19(t(2HY b2 (Brn44-l)7665 (reA, H)D 7.5. (L ¢™)(8l3dd)31 @; AHrs.35@, 16, (d 1H). M

m z 467 ES+ Preparation 37: tert-butyl

(2- ([25 ({5- m#%ﬂkf‘ﬁ%%ﬁﬂ#‘%ﬂ%mﬁ@%ﬂ{}?“h. n-3- yl}oxy)ethyl ]

am noj} - 2- Oxoet#hébhmlbhalrmtat-ﬁhﬁl G353 (2 S} rhathylpyekdiidin-Riyl ]@?rnaﬁ‘ﬂ@e title
corrpound \Aﬁaﬁ%&ﬁgared é¥the general net hod descri bed above for preparation

usi ng¥ minglrz=axesshylicarPamaté-et i ¢ aci d i nstead of
trans 4-tertbut oxycar bonyl - cycl opexane carboxylic acid, to yield a pale
yel | ow gum (50ng, 53%. 1H NWR (400 MHz, CDCI3) 6 = 1.42
(s,9H), 1.87-2.09 (m 3H), 23 - 2. m 4H) , 260267(q 1H), 3.37-3.43
(brt,1H), 3.52-3.56 (brt, ?)/NB 6H 3. 3 O (s,2H), 254.14-4.17

(t,2H), 7.49-7.50 (m1 14-8.15 (d, 1 1 (d, 1H).

230

N (IJH
C"'a 3 chiral

The title compound was prepared by the general method described above for
10  preparation 13, using tert-butoxylcarbonylamino-acetic acid instead of trans-4-tert-
butoxycarbonyl-cyclohexane carboxylic acid, to yield a pale yellow gum (133mg, 77%).
'H NMR (400 MHz, CDCl3) 8 = 1.45 (s, 9H), 1.66-1.77 (m, H), 1.79-1.90 (m, 3H),
1.91-2.02 (m, H), 2.14-2.23 (m, 4H), 2.27-2.34 (q, H), 2.62-2.66 (m, 2H), 3.04-3.09 (t,
H), 3.21-3.26 (m, H), 3.28-3.34 (m, 2H), 3.75-3.76 (d, 2H), 5.21 (brm, H), 6.29 (brm,
15 H), 7.52 (t, H), 8.31-8.32 (d, H), 8.34-8.35 (d, H).
MS, m/z=377 ES+ [ M+H]", 377 CI [M+H]"
Preparation 16: tert-butyl {3-[(3-{5-[(2S)-1-methylpyrrolidin-2-yl]pyridin-3-
yl}propyl)amino]-3-oxopropyl}carbamate
0

CH //J(
% HN H

CH37<O /g

CH3 0 N

p=4

CHs chiral

20 The title compound was prepared by the general method described above for
preparation 13, using tert-butoxylcarbonylamino-propionic acid instead of trans-4-tert-
butoxycarbonyl-cyclohexane carboxylic acid, to yield a pale yellow gum (130mg, 73%).

'H NMR (400 MHz, CDCl,) & = 1.41 (s, 9H), 1.67-1.75 (m, H), 1.79-1.88 (m, 3H),

1.91-2.00 (m, H), 2.14-2.23 (m, 4H), 2.27-2.33 (q, H), 2.37-2.40 (t, 2H), 2.62-2.66 (m,

25 2H), 3.04-3.08 (t, H), 3.20-3.30 (m, 3H), 3.37-3.41 (q, 2H), 5.26 (brm, H), 6.00 (brm, H),
7.52 (t, H), 8.31-8.32 (d, H), 8.34 (d, H).
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MS mz = 379 ES+ [MtH], 379 O [ MtH| Preparation 38: tert-butyl
(3-([2-({54(28)-1-nmethyl pyrrolidin-2-yl]pyridi n-3- yl}oxy)ethyl]

am no} - 3-weapriopysoycar bamate CH3 00 --: CH OLN--)LNN _ @HBHBROThes2t4d | e
conpound was prepared by the general nethod described above for
S5preparation 35, using tert-butoxyl carbonyl am no-propionic acid instead of
trans-4-tert- butoxycarbonyl-cycl ohexane carboxylic acid, to yield a pale
yel | ow gum (70ng, 729 . 1H NMR (400 MHz, CDCI3) 6 = 1.39
(s,9H), 1.75-1.84 (m 1H) 1.87-2.04 (m2H) 2.21 (s,3H), 2.23-2.31 (m1H),
2.37-2.47 (m3 (3, .61 (t,2H), 4.12-4.15 (t,2H),
7.44-7.45 (m 1 §%1 5311“43111%1 b['\i’s"']s 17 (d,1H). 10Ms miz = 393 ES+
[MrH], 393 O g hﬂatlon 17 tre-8i (845 811%51149? tolidin-2-yl]pyridin-3-

(4- ([2 ({5 Eéﬁj’t% met hy rrof]’lII (II &yl‘)ldl n- yyyl}oxy)ye]tpf){yl]

ani no} - 4- ¥t I%"&'QPbér?éP “tV'}C?FR?"E?tFI e conpound was prepared by the
general nethod described above for (15preparation 35, usi ng

tert - but oxyl car bonyl am no- but anoi ¢c/acid i nstead of trans-4-tert-

but oxycar bonyl - cycl ohexane car bpxylyc-acid, to yield a pal e yell ow gum
(43ng, 42%. 1H NWVR (40 6 41 (s49H), 1.70-1.78 (m2H),
1.96-2.12 (m3H), 2.21- : , 2.33-2.42(mMy¢H) |\ 2.69-2.76 (q, 1H),
3.02-3.07 (m2H), 3.43-1;3. 9 (brt,1H), 3.58 i;) 3.64-3.69 (brt,1H),
4.15-4.18 (t,2H), 7.510¥%52 (m1H), 8.16- 2¢8=17 (¢, 1H), 8.23-8.24 (d,1H).
MB mz = 407 ES+ [ Mr1dH*1407 O [ MHH| PrepQHatuon 40: tert-butyl
(5-([2- ({5-[(28)-1-methyl pyrrolidin-2-ylJpyridi n-3- yi¥8ky)ethyl]

am no} 55- oxop€eTteptitiecampaoed wapiepafed by the general method described above for

preparation 13, using fert-butoxylcarbonylamino-butanoic acid instead of trans-4-tert-

butoxycarbonyl-cyclohexane carboxylic acid, to yield a pale yellow gum (140mg, 76%).

'H NMR (400 MHz, CDCl3) 3 = 1.40 (s, 9H), 1.64-1.72 (m, H), 1.74-1.87 (m, 5H),
1.87-1.89 (m, H), 2.12-2.20 (m, 6H), 2.24-2.31 (q, H), 2.62-2.66 (m, 2H), 3.02-3.06 {t,

10 H), 3.11-3.16 (g, 2H), 3.18-3.29 (m, 3H), 4.91 (brm, H), 6.57 (brm, H), 7.51 (t, H), 8.30

(d, H), 8.32 (d, H).

MS, m/z=405 ES+ [ M+H]", 405 CI [M+H]"

Preparation 18: tert-butyl [2-(2-{2-[(3-{5-[(2S)-1-methylpyrrolidin-2-
yllpyridin-3-yl}propyl) amino]-2-oxoethoxy}ethoxy)ethyl]Jcarbamate

CHs _cH, o
CH;| H H />
H
o] 7 CHs
15 N chiral

The title compound was prepared by the general method described above for
preparation 13, using [2-(2-tert-Butoxycarbonylamino-ethoxy)-ethoxy]-acetic acid
(prepared as described in Angew. Chemie Int. Ed. (2006), 45(30), 4936-4940) instead
of trans-4-tert-butoxycarbonyl-cyclohexane carboxylic acid, to yield a colourless gum

20 (60mg, 28%).

'H NMR (400 MHz, CDCl3) 8 = 1.42 (s, 9H), 1.67-1.98 (m, 7H), 2.14-2.23 (m,
4H), 2.27-2.33 (q, H), 2.64-2.68 (m, 2H), 3.04-3.09 (t, H), 3.21-3.26 (m, H), 3.29-3.37
(m, 3H), 3.53-3.56 (t, 2H), 3.62-3.68 (m, 4H), 3.98 (s, 2H), 4.99 (brm, H), 6.88 (brm, H),
7.53 (t, H), 8.33 (d, H), 8.35 (d, H).

25 MS, m/z=465 ES+ [ M+H]", 465 CI [M+H]"
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CH3(DL NN..O-."--/------ N CH3HHI I i, CH3 Nchiral The title conpound
was prepared by the general nethod described above for preparation 35,

usi ng t erwolwtiosydocar bonyl am no- pent anoi ¢ aci d i nstead ®CT/IB2011/052446
trans-4-tertbut oxycarbonyl -cycl ohexane carboxylic acid, to yield a pale

yel | ow gum (49nmg, 47% . 1H NWR (400 MHz, CDCI3) 6 = 1.41-1.50 (m 11H),
1.57-1.65 (m2H), 2.01-2.18 5(m3H), 2.20-2.24 (t,2H), 2.37-2.44 (m 1H),
2.46 (s,3H), 2.78-2.85 (q,lH), 3.00-3.05 (m2H), 3.49-3.55 (m1H),
3.58-3.61 (t,2H), 376 80(brt 1H), 4.15-4.16 (t,2H), 7.55- 7.56 (m 1H),
8.18-8.19 (d, 1 25-8 [ MtH]
P cparat [ on 447 aration i tert buy 12-{3 KB e ety bveRpiidln S oy dinsSy | |
pyri d| gr}?\lﬂdby]o'a}rﬂhg_‘;d%biho&%diﬁ}l?&rﬁmhwy| )car bamate CH3 OH CH3Y 3 HE
I The title conPound vvafs pr epar ed
by the generalT"rﬁatttf-’?c?é?”lﬂ’@%‘il Y"B%B@%Eﬁﬂebyftﬁ? QEP%TBHF‘%E“PGH‘*S% bed apay Tor

tert-but Oﬁwpﬁﬁﬂlb@ﬂw @d‘ﬂd\(ﬁ’z-tbﬂm y€arBénythrhinslegsty Pécetlc acid mstead of trans-

trans-4-t toxyc rb cl ohexane car box || pal e
yel | ow? gufni ’g fl‘?’?@\ﬂﬂ?r boxytic WE %Pa'G Ye"‘iw g9 ‘g@“Q 'm 2H) ,
1. 42- 1. 4956%) 11H) 157165(m2H) 2.05-2.15 (m3H), 2.19- 2.23(t 2H) ,
238246(m1|—|) 248(8 282%89(m1|—|) 2.96-3.00 (t,2H),

3.53-3.61 (m3H), 6(brt 1H),
819820(d1 ~d 0L Bl
20Pr epar ati on 4 but@l (7- ([2 ({B-1(26)-
pyridi n-3- yI}oxy) ?nyl] am no} - 7- oxoheptyl ) ca

4.15-4.18 (t |.2H) M?a] 7.4§g Ejm[wH],
hyI gwrm’idi n-2-yl]

chiral

'H NMR (400 MHz, CDCl,) 8 = 1.43(s, 9H), 2.16-2.24(m, 5H), 2.31(q, 4H), 2.66(t,
1H), 3.07 (t, 2H), 3.24 (t, 1H), m, 1H), 3.32-3.37 (m, 4H), 3.56 (t, 2H), 3.94(s, 2H), 4.98
10  (br, 1H), 6.69 (br, 1H), 7.54 (t, 1H), 8.33-8.36 (m, 2H).
MS m/z=421 ES+ [M+H]"
Preparation 20: tert-butyl {5-[(3-{5-[(2S)-1-methylpyrrolidin-2-yl]pyridin-3-
yl}propyl) amino]-5-oxopentyl}carbamate

0 O H
s /\/\)I\
CH3§—0)I\N N | ~
CHs H / Hs
N chiral

15 The title compound was prepared by the general method described above for

N
\
C

preparation 13, using fert-butoxylcarbonylamino-pentanoic acid instead of trans-4-tert-
butoxycarbonyl-cyclohexane carboxylic acid, to yield a pale yellow gum (191mg, 64%).

'H NMR (400 MHz, CDCl,) 8 = 1.43 (s, 9H), 1.47-1.53 (m, 2H), 1.63-1.75 (m,
3H), 1.80-1.89 (m, 4H), 1.94-2.05 (m, H), 2.16 (s, 3H), 2.16-2.23 (m, 2H), 2.31 (q, H),

20 2.65 (t, 2H), 3.07 (t, H), 3.14-31.6 (m, 2H), 3.22-3.30 (m, 3H), 5.30 (br, H), 5.80 (br, H),

7.53 (t, H), 8.33 (m, H), 8.35 (m, H).

MS m/z=420 ES+ [M+H]"

Preparation 21: tert-butyl {6-[(3-{5-[(2S)-1-methylpyrrolidin-2-yl]pyridin-3-
yl}propyl) amino]-6-oxohexyl}carbamate

0O

CH; /L P

CHs O™ °N HN ) ’>
23\ H/\/\W /\/\(j%r\\l

0] P CH

25 N 3 chiral
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CH3 00 CHO)LNN.;-.."NCH3HHI 1 CH3 -..N - chiral The title conpound
was prepared by the general nethod described above for preparation 35,

usi ng terweolzatigpsydocar bonyl am no- hept anoi ¢ aci d i nstead eCTUBzZMEez446ert - 25
but oxycar bonyl - cycl ohexane carboxylic acid, to yield a pale yell ow gum
(67ng, 60% . 1H NWR (400 MHz, CDCI3) 6 = 1.28-1.34 (m4H), 1.39-1.45
(m11H), 1.55-1.64 (m2H), 2.03-2.15 (m3H), 2.19-2.22 (t,2H), 2.38-2.46
(m1H), 2.48 (s,3H), 2.81-2.88 WD 2011/151807PCT/1B2011/052446 (m 1H),
2.97-3.00 (t,2H), 3.51-3.57 (m1lH), 3.58-3.61 (t,2H), 3.80-3.84 (m1H),
4.15- 4.18 (t, 2H) 7.55-7.57 (m1H), 8.19 (d,1H), 8.16 (d,1H). M5 nmlz = 449
ES+ [ MtH], 449 *@I““FIWFHPW“" Wag Prepl_?elﬂr@’pta?gg"i‘%fﬁ'l_%gth°f’éF%C(fﬁﬁf‘;im"e for

[2-(2-0- (fn%pfa(a%& 13- usat Hmatd@lcadionylam%}rmkahﬁib@5|d3nstééd)cxfytbam%htyfeh

am no} - 2- oxoet hox eth ar bamat e tle co un
prepared B °¥¥?@"§%‘%ﬂeﬁ’y %"é‘i’}?cﬁi’r%‘@%’[‘,‘l‘?%‘éd°¥l‘}51/%p?'8|yeﬂﬂ"\éﬁ'é’?‘éﬂ97&§g) /c;u5| ng
(2-tert-but oxxﬂemmrmb@mmocm!mw) 1. az-ﬂtIi?C(nﬁQH?l 1.46{scoH),af46-1.54 (m,

trans4-te t but oxg§§n4§drgl1-6%yc;_})gﬁ>ﬁ%n?S%aré)go%< Mg%%&?tmé_l) %ﬁjﬁ% al e=

yel | owPgu
1.42 (s, 9(?%5% 3307q,3D, £863t1PH), 3.6833.23%A, §1), BHn-3.23 Gh, 419), 3ldp.(bB3 HY3- 3. 10

4 06- 4. 135 R HESE ) §@s<<%n' ByE33mat) 63 (m 1hy. 6 24 (4, 1H), 6326, 53
(d,1H). 15M5 g nﬂz%@hﬂ , 423 A [ M+H] Preparation 44:

T oo 15, 16 Brebatatbn 22 1@"5@?%@(%%91@%-ras%%j@?@-{‘nh%&gm%t e OB

CH CHaBO Yhblopyl) ammo] 7-oxohepty|}carbamate

YN, "L S ,O...."0.., T N “N_ 0
CH3 /\/\/\)I\ : §/>
CHy5—0 NN
CH3 | & CH3
N chiral

The title compound was prepared by the general method described above for
preparation 13, using fert-butoxylcarbonylamino-heptanoic acid instead of trans-4-tert-
butoxycarbonyl-cyclohexane carboxylic acid, to yield a pale yellow gum (204mg, 55%).

15 'H NMR (400 MHz, CDCl3) 8 = 1.31-1.35 (m, 4H), 1.44 (s, 9H), 1.44-1.49 (m,
2H), 1.60-1.67 (m, 2H), 1.70-1.77 (m, H), 1.81-1.89 (m, 5H), 1.94-1.99 (m, H), 2.13-2.23
(m, 5H), 2.30 (q, H), 2.65 (t, 2H), 3.05-3.12 (m, 3H), 3.22-3.33 (m, 3H), 4.37 (br, H),
5.68 (br, H), 7.53 (t, H), 8.33 (m, H), 8.35 (m, H).

MS m/z=448 ES+ [M+H]"

20 Preparation 23: tert-butyl (22-{5-[(2S)-1-methylpyrrolidin-2-yl]pyridin-3-yl}-
15,18-dioxo-4,7,10-trioxa-14,19-diazadocos-1 -yl)carbamate

C:gio N\/\/O\/\O/\/O\/\/NN /\/\[j)\
o) CH3

CHs chiral

The title compound was prepared by the general method described above for
25 preparation 13, using N-(3-{2-[2-(3-tert-butoxycarbonylamino-propoxy)-ethoxy]-ethoxy}-
propyl)-succinamic acid instead of trans-4-tert-butoxycarbonyl-cyclohexane carboxylic
acid, to yield a pale yellow gum (284mg, 53%).
'H NMR (400 MHz, CDCl) & = 1.43 (s, 9H), 1.71-1.77 (m, 9H), 1.87-2.02 (m,
4H), 2.16-2.22 (m, 4H), 2.30 (q, H), 2.63 (t, 2H), 3.06 (t, H), 3.19-3.28 (m, 5H), 3.33-
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20The title conpound was prepared by the general nethod descri bed above for
preparation 35, using

N ( 3- { 242W020t1erst80but oxycar bonyl am no- pr opoxy) - et hoxyFePROAB3011/052446
propyl)-succinamc acid instead of trans-4-tert-butoxycarbonyl-cycl ohexane
carboxylic acid, to yield an orange gum (80ngy, 51% . 1H NMR (400 MHz,
CDCI3) 6 = 1.42 (s,9H), 1.68-1.76 (m4H), 1.97-2.15 (m 3H), 252.35-2.52
(m9H), 2.71-2.80 (m1H), 3.09-3.14 (m2H), 3.20-3.26 (m2H), 3.48-3.51
(t,5H), 3.55-3.64 (m10H), 3.66-3.76 (m1H), 4.14-4.17 (t,2H), 7.53-7.54
(m1lH), 8178.18 (d,1 .24-8.25 (d, 1 .. MSmz = 625 ES+ [ M+H], 625 C
[V WS BEHTY 28 BPbep (ot 6BONNGM. 659 (b e B Gialbr . 462 (6 Dt  buit y

[ 18- ({5- [ 638 mlHye 35/ () ol i di n-2-yl]pyridi n-3-

yl }oxy) - 15- oxo-g, 6,9 12-§ et raoxa- 16- azaoct adec- 1-yli carbamate 0

\, .02, ,./0/\"Mpmiz7622 ESYIMFHI" " '/ /"  N'F HLI Chiral \NCH3 5The title
conpound was [Prepafatidn!DA: trafs ASSRIND-N-TRY ds;iﬁﬁéthgwn%hauez-w?ymmpar ation
35, using_.3-(2- )4 -tert-B tOXrY-afC r bonyl am no- et hoxy) - et hoxy] - et hoxy} -

2 2-
et hoxy$- pPIPPE ‘é’(ﬁ(' XL POFAMG®ns- 4- t ert - but oxycar bonyl - cycl ohexane
carboxylic acid, to yield an oramge gum (80ngy, 56% . 1H NMR (400 MHz,
CDCI3) 6 = 1.42 (s,9H), 2.03:2. -2 (m6H, 10 2.85-2.91
(m1lH), 3.19-3.22 (m 2H), 73 BE 3.583 (m15H), 3.71-3.74
(t,2H), 3.84-3.92 (m -4. 19 (t, 2H)], B8 N5 (m1H), 8.20-8.21
(d, 1H), 8.28 (d,1H). mz"= 570 ES+ [ M+, %70 %HJMH-I]
Preparation 46: chiral

N
A AT AR PO Bl i

yl}propyl)carbamoyl]cyclohexyl}carbamate (preparation 13) (130mg, 0.29mmol) in DCM

(3mL) was treated with trifluoroacetic acid (1mL). The resulting solution was stirred at
10 ambient temperature for 2 hours after which time it was concentrated in vacuo. The
residue was dissolved in MeOH and applied to an SCX-2 cartridge and eluted with
MeOH followed by ammonia in MeOH (2M). The fractions containing product were
concentrated in vacuo to give the title compound as a colourless gum (88mg, 97%).
'H NMR (400 MHz, CDCl3) 8 = 1.02-1.12 (m, 2H), 1.45-1.76 (m, 5H), 1.77-2.03
15 (m, 9H), 2.12-2.21 (m, 4H), 2.25-2.32 (q, H), 2.59-2.68 (m, 3H), 3.02-3.06 (t, H), 3.19-
3.29 (m, 3H), 5.66 (br, H), 7.49 (t, H), 8.29 (d, H), 8.33 (d, H).
MS, m/z= 345 and 367 ES+ [M+H]" and [M+Na]*, 345 CI [M+H]"
Preparation 25: 1-amino-N-(3-{5-[(2S)-1-methylpyrrolidin-2-yl]pyridin-3-
yl}propyl)-3,6,9,12-tetraoxapentadecan-15-amide

o)
O\/\O/\/O/\/[L

0~ N\~NH; H/\/\(Y’\\l
NZ CHs Chiral

The title compound was prepared by the general method described above for

20

preparation 24, starting from preparation 14, to yield a colourless gum (149mg, 100%).
'H NMR (400 MHz, CDCl,) & = 1.64-1.75 (m, H), 1.77-1.99 (m, 7H), 2.12-2.21(m,
4H), 2.25-2.32 (q, H), 2.44-2.46 (t, 2H), 2.60-2.64 (t, 2H), 2.82-2.85 (t, 2H), 3.02-3.06 {t,
25 H), 3.19-3.29 (m, 3H), 3.47-3.50 (t, 2H), 3.59-3.61 (m, 11H), 3.69-3.72 (t, 2H), 6.76
(brm, H), 7.50 (t, H), 8.30-8.31 (d, H), 8.33 (d, H).
MS, m/z= 467 and 489 ES+ [M+H]" and [M+Na]", 467 CI [M+H]"
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chiral H A solution of tert-butyl

(trans-4-1[ 2-(15-[(2S)-1-net hyl pyrrolidin-2-yl]pyridin-3-

yl } oxy) etwgl2poarsisanoyl } cycl ohexyl ) car bamat e ( prepar at i omC38B201 86352946
0.078mml ) in DCM (3nmL) was treated with trifluoroacetic acid (1nL). The
resulting solution was 20 stirred at anbient tenperature overnight,after
which time it was concentrated in vacuo. The residue was dissolved in MOH
and applied to an SCX-2 cartridge and eluted with MeOH fol |l owed by ammoni a
in MeOH (2M. The fractions containing product were concentrated in vacuo

to e the title conmpound as _a ran 62 1H NVR (400 MHz,
coc?'s)v oot ropargiop 265 N - LREI - ns-%tr(vﬁwzml-d"?%ﬂ - S5(m o

2.13- °‘H§n Iy%|rii:3n|8e40 (g,1H), 2.68-2.76 (m1H), 3.18-3.26 (m2H),

3. 56- 35 H? 4.12-4.14 (t,2H), 743 7.44(m1H), 8.09-8.10(d,1|—|),
8.14-8.15 (d 1H). M5 n12 =3 ES+ [ MtH], 347 O [ M+H] Preparation
47: 2-[2-(2-am noethoxy)eth - N4 2- {5-[(

0 H2NOOj -. NO----. 2N g NoH3 chi H The title conpound was

pr epar ed by t he gener al nmethod descri bes@&bove Ghw @ga?par ation 46, starting
frompreparation 36, to yield an orange gum (37ny 1H NVR (400 Hz,
CDCl 3) 6 = 1. 7thettitie conppury was peparedd®y thengergral memed @es@lhpd abovexfer 2. 30

m 1 3.57
(1 2y 5PERaEY 28 i mjgeterdfy Is gt ouioss ghidsthg, Hoge ' o7,
8.10-8. 11 (d, THNMB.(460 Mzl GPCHYB T1.66-2.03dm, Z8), 3. M-RR2 (B6#HII2. 37V Bp
P t 0
1 3 oxyy et Ei;r?‘? 2268 B0 L P DR Ao PUZ ! oo @ k) 7o (o

7.53 (t, H), 8.32 (d, H), 8.33-8.34 (d, H).
MS, m/z= 277 and 291 ES+ [M+H]" and [M+Na]', 277 CI [M+H]"
10 Preparation 27: N-(3-{5-[(2S)-1-methylpyrrolidin-2-yl]pyridin-3-yl}propyl)-

H
Hsz( =

N
CHs chiral

The title compound was prepared by the general method described above for

met hyl pyrrolidin-2- yI]pyrl i n-3-vyl @ acef ani de

beta-alaninamide

gy

preparation 24, starting from preparation 16, to yield a colourless gum (99mg, 100%).
15 'H NMR (400 MHz, CDCls) 8 = 1.65-1.76 (m, H), 1.77-2.00 (m , 6H), 2.13-2.22
(m, 4H), 2.26-2.32 (m ,3H), 2.62-2.66 (t, 2H), 2.98-3.01 (t, 2H), 3.03-3.08 (t, 2H) 3.20-
3.31 (m, 3H), 7.26 (brm, H), 7.51 (t, H) 8.31-8.32 (d, H), 8.33-8.34 (d, H).
MS, m/z= 291 and 313 ES+ [M+H]" and [M+Na]*, 291 CI [M+H]"
Preparation 28: 4-amino-N-(3-{5-[(2S)-1-methylpyrrolidin-2-yl]pyridin-3-
20 yl}propyl) butanamide

CHs chiral
The title compound was prepared by the general method described above for

preparation 24, starting from preparation 17, to yield a colourless gum (104mg, 99%).
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% NCH3 chiral The title conpound was prepared by the general nethod

descri bed above for preparation 46, starting frompreparation 37, to yield
an orangewoumi(n37seg, 100% . 1H NVR (400 MHz, CDCl 3) 6 =PCLTAB2011/8%446m 1 H),
1.87-2.05 (m2H), 2.20 (s,3H), 152.23-2.32 (m1H), 2.38-2.44 (q, 1H,
3.23-3.28 (m2H), 3.37 (s,2H), 3.63-3.66 (t,2H), 4.15-4.17 (t,2H),
7.45-7.47 (m1H), 8.10-8.11 (d,1 H), 8.15-8.16 (d,1H. MS mz = 279 ES+

[ MtH], 279 O [ M+H] Preparation 49:

N-[2-({5-[(28)-1-met hyl pyrrolidin-2-yl]pyridin-3-yl}oxy)ethylibeta-al ani nam
ide O HZNN --Q---. N H NCH3 20chiral The title conpound was prepared by the
general - met hod UBHAER MHan 608 Br- hF2RA0A ofHaa 150 4 5 F4-Ghre 65

prepar at i arei3P2.70.¥6 g! 2HE0BBATIE HYBROS30YN, J190BR2 (Birh, MYR7 66 QOHYHZ ,

CDCl 3) 6 g 1@32-1. 81 (m 1)85] 1. 8%- 5903 (mggl)n,glgpw ((s, 3H), 2. glg %0

(m 1H), 288883l FiB38-3%(h8Do 96 (t,2H), 3.16-3.26 (m2H), 3.60-3.62
25(t, 2H), 4. 13v8, he=(3052rH.327 EE3- [M+H} 4r8 [MINa]'8.308 cIdMH); 8. 14- 8. 15

d, ) mz = ] + , 2 d i :
s N 5 CrrapAasian 20: B2 ARTRORSIPU RISy NIF AT o1 } omy) ot hyl ]
but anam dghehytigiiiotidin=2-P]pyridin-31}propyiidcetiimide

0]
HZN\/\O/\/O\/”\N AN

H \
| = CH3
N chiral

The title compound was prepared by the general method described above for
preparation 24, starting from preparation 18, to yield a colourless gum (49mg, 100%).
10 'H NMR (400 MHz, CDCl3) 8 = 1.67-1.78 (m, H), 1.79-2.02 (m , 4H), 2.15-2.34
(m, 7H), 2.64-2.67 (t, 2H), 2.88-2.91 (t, 2H), 3.06-3.10 (t, 1H), 3.22-3.27 (t, 1H), 3.31-
3.36 (q, 2H), 3.54-3.57 (t, 2H), 3.63-3.70 (m, 4H), 3.99 (s, 2H), 7.02 (dm, 2H), 7.54 (t,
H), 8.33-8.34 (d, H), 8.35 (d, H).
MS, m/z= 365 and 387 ES+ [M+H]" and [M+Na]*, 365 Cl [M+H]"
15 Preparation 30: 2-(2-aminoethoxy)-N-(3-{5-[(2S)-1-methylpyrrolidin-2-
yl]pyridin-3-yl} propyl)acetamide
H>N

CH chiral
The title compound was prepared by the general method described above for
preparation 24, starting from preparation 19, yielding a pale yellow gum (87mg, 100%).
20 'H NMR (400 MHz, CDCl,) & = 1.70-1.97 (m, 6H), 2.17 (s, 3H), 2.18-2.23 (m, H),
2.31(q, H), 2.67 (t, 2H), 2.94 (m, 2H), 3.08 (t, H), 3.26 (m, H), 3.35 (q, 2H), 3.56 (t, 2H),
3.98 (s, 2H), 7.35 (br, H), 7.55 (t, H), 8.34 (d, H), 8.35 (d, H).
MS, m/z= 321 ES+ [M+H]"
Preparation 31 5-amino-N-(3-{5-[(2S)-1-methylpyrrolidin-2-yl]pyridin-3-
25 yl}propyl) pentanamide
0]

/\/\/K H />
H,N N N N
H | !
P CH,

N chiral
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N chiral 5The title conpound was prepared by the general nethod descri bed
above for preparation 46, starting frompreparation 39, to yield an orange
gum ( 28ngwoa824151807 1H NMR (400 MHz, CDCI 3pC#/1B2011/FR446. 82
(m3H), 1.84-2.03 (m2H), 2.18 (s,3H), 2.21-2.30 (m3H), 2.33-2.40 (q, 1H,
2.68-2.72 (t,2H), 3.18-3.26 (m2H), 3.58-3.61 (t,2H), 4.12-4.15 (t,2H)
7.43-7.44 (m1H), 8.10 (d,1H), 8.14-8.15 (d,1H). 10Ms 111/Z = 307 ES+

[ MtH], 307 O [ M+H] Preparation 51:

5-am no-N-(2- ({5-R2S)-1-net hyl pyrrolidin-2-ylipyridin-3- yl}oxy)ethyl]

pent anam de 0O H2NN%:(5)ﬂ NHCH3 -. NNCchiral The title conpound S prepared
by the gener al Theditiesampeued AR ATeRBERALY 1P 9¢aeTal mphrd dpesiibed abeyeydor i ng from

ti ioh itgid iI20. i %YLH NVR
oD Wiy Prephuls %%t?*_u%??ﬂ“?g@g%% YRRy 2 %%%:{'%;?mf?%?’f“gﬁ iy
1.85-2.03 (m 2H§’}'MB.(1@0 MHzz[GpCl 52‘21-2631&2((@1:\%)1,-6 192.3, 38). (1B riP2
2.68-2. 72(rh 1 7HH 153 IBms 586, 2.81(QHH), B66®; BHP 2. 70t(t, 2Y) 3.0% (1 B), 8453 B, 2H) ,

T A bl e o e dgh . A

6- am no- N- ( 2- (M§; h2I19ESeMBHIPYr rol i di n- 2-yl [ pyridin-3- yl}oxy)ethyl]
n(;)'ilanam de 0 _Preparation 32: 6-ami_nefh_l-_(3_-{5-[(28)-1-nﬂ}qtr_\ylpwrgl_iqiprz_-ylﬂeyridin-@-

ey e e e I.}p[.'opyl)ﬂ']e.xana["hfd'e .--c. N HL The title COITpOUﬂd was
prepared by the general mnethod descy,j bed above for\Z% preparation 46,

starting from prepatrabio ) yi mY 38ng, 76%. 1H
NVR (400 MHz, CDCI3) 6 = 1.31-1.3F (m 2H), . m2H), 1.59-1.66
(m2H), 1.72-1.81 (m1H), 1.84-2.03 (m2H), (2. (s,\3H), 2.21-2.30 (m 3H),
2.33-2.40 (g, 1H), 2.65-2.69 (t,2H), 3.18-3.2 m 2H)C,H33(.;rﬁr313. 60 (t,2H),
4.15-4.12 (t,2H), 7.43-7.44 (m1 H), 8.09-8.10 (d,1 H, 8.14-8.15 (d,1 H).
5M8 Mm% = 335 'Eg_,IltlFmpﬂppug@ya@pre[pmqq]by the general method described above for

preparation 24, starting from preparation 21, yielding a pale yellow gum (70mg, 46%).

'H NMR (400 MHz, CDCl3) & = 1.32-1.41 (m, 2H), 1.50-1.57 (m, H), 1.59-1.70
(m, 4H), 1.81-1.85 (m, 3H), 1.87-2.01 (m, 2H), 2.15 (s, 3H), 2.15-23 (m, 3H), 2.30 (q,
H), 2.63 (t, 2H), 2.765 (t, H), 3.06 (t, H), 3.19-2.29 (m, 3H).

15 MS, m/z= 333 ES+ [M+H]"

Preparation 33: 7-amino-N-(3-{5-[(2S)-1-methylpyrrolidin-2-yl]pyridin-3-

yl}propyl) heptanamide
0O

H2Nw H §’>
b / NN
N
The title compound was prepared by the general method described above for
20 preparation 24, starting from preparation 22, yielding a pale yellow gum (59mg, 37%).
'H NMR (400 MHz, CDCl3) 8 = 1.32-1.29 (m, 3H), 1.46-1.50 (m, H), 1.61-1.66
(m, 2H), 1.70-1.74 (m, H), 1.82-1.89 (m, 3H), 1.94-2.04 (m, 3H), 2.17 (s, 3H), 2.15-2.23
(m, 3H), 2.32 (q, H), 2.65 (t, 2H), 2.71 (t, H), 3.08 (t, H), 3.18-3.33 (m, 4H), 5.58 (br, H),
5.65 (br, H), 7.53 (d, H), 8.34 (m, H), 8.36 (m, H).
25 MS, m/z= 347 ES+ [M+H]"
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Preparation 53: 7-am no-N-(2-({5-[(2S)-1-nethyl pyrrolidin-2-yl]pyridin-3-
yl }oxy)ethyl] heptanamde NN H N CH3 chiral The title conpound was
prepar ed W9 20ti@isggdmer al met hod descri bed above for 10 pPepaBzLL/05244K0,
starting frompreparation 42, to yield an orange gum (37ng, 72%.

1H NVR (400 MHz, CDCI3) 6 = 1.32-1.37 (m4H), 1.44-1.51 (m2H), 1.57-1.65
(m2H), 1.72-1.82 (m1H), 1.83-2.03 (m2H), 2.18-2.30 (m6H), 2.33-2.40
(g,1H), 2.65- 2.68 (t,2H), 3.18-3.26 (m2H), 3.57-3.60 (t,2H), 4.12-4.15
(t,2H), 743744(m1H) 8.09- 8.10 (d, 1H), 814815(d1H) 15M5 nfz =
349 ES+ [ MtH], 349 g] Preparati on :

2- (2- ani noet th(?Paﬁt'PE 3('{ -RAZ)[2{3apri %’IS‘?P?‘)S)IeF'EﬂW]‘*Zh°’§¥}PH}W'hNn(%f’yl } oxy)
et hyl | acej(asj- d%élhyl?ﬁyrrcllm@ly@p ridim-3lylypro bécibahiide2! The title conpound
was prepared by the general od descri bed abgve for 20 preparatijon 46,
starting from preparation 43 to yield gn orang gum(27ng, z

1H NNR(4®QNW- AL N 1

(s,3H), 2.22-2.30 (m1IH 02.37-2. %0 (g, 1THYf, 2.86- Q‘89 (t, r—l)

(m2H), 3.55-3.58 (t,2H), 3.66-3.68 (t,2HP, 4.00 (S,cBirBI, | 1694, 19(3("13 2H) ,
7.44-7.45 (m 1H), 8.10 (d,1H), 8.15 (d,1H). 25M8 mz = 323 ES+ [ M+H], 323
a [ MH| Preparati on 55:

N (3-{ 8- [ 2- ( 3-The titleoopony] ehé praphaddiaydiie peongrsl hetNod dasdribed above for
() ST DRSS 45 BRSSP ro
'H NMR (400 MHz, CDCl,) & = 1.71-1.87 (m, 6H), 1.90-2.02 (m, H), 2.16 (s, 3H),
2.17-2.24 (m, H), 2.30 (q, H), 2.40-2.51 (m, 6H), 2.61-2.67 (m, 2H), 2.87 (t, 2H), 3.22-
3.29 (m, 3H), 3.31 (q, 2H), 3.51-3.65 (m, 12H), 6.85 (br, H), 6.95 (br, H), 7.53 (s, H),
10  8.33 (m, H), 8.35 (m, H).
MS, m/z= 522 ES+ [M+H]"
Preparation 35: tert-butyl (trans-4-{[2-({5-[(2S)-1-methylpyrrolidin-2-
yllpyridin-3-yl}oxy) ethyl]carbamoyl}cycIohexyl)carbamate

SUCARRE
)k CHs

N

chiral
15 A solution of 2-({5-[(2S)-1-methylpyrrolidin-2-yl]pyridin-3-yl}oxy)ethanamine
(preparation 12) (65mg, 0.25mmol) in 2-methyltetrahydrofuran (2ml) was treated, with
stirring, with trans-4-tert-butoxycarbonyl-cyclohexane carboxylic acid (91mg,
0.373mmol) followed by T3P (317ul, 0.498mmol) and the Et3N(118pl, 0.91mmol). After
stirring for 3 hours, the solution was treated with T3P (69uL, 0.498mmole). After stirring
20 for 18 hours the solution was concentrated in vacuo and the residue was taken up in
MeOH and applied to an SCX-2 cartridge which was eluted with methanol followed by
ammonia in MeOH (~2M). Product containing fractions were concentrated in vacuo and
the residue purified by column chromatography on silica gel eluting with
EtOAc:MeOH:NH3 (gradient from 1:0:0 to 90:10:1). This material was then dissolved in
25 DCM and treated with PS-Isocyanate resin for 3 hours then filtered and evaporated in-
vacuo to give the title compound as a pale yellow gum (35mg, 35%);
'H NMR (400 MHz, CDCl3) & = 1.14-1.25 (m,2H), 1.42 (d,9H), 1.47-1.58 (m,2H),
1.75-1.85 (m,3H), 1.87-2.06 (m,4H), 2.09-2.18 (m,1H), 2.21 (s,3H), 2.23-2.32 (m,1H),
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-.-LI-13 H chiral The title conpound was prepared by the general
nmet hod descri bed above for preparation 46, starting frompreparation 44, to
yi el d an woangeésggeom (59mg, 88% . 51H NWVR (400 MHz, CDCl BLTAB2011/020461. 80
(mb5H), 1.86-2.03 (m2H), 2.18 (s,3H), 2.21-2.30 (m1H), 2.33-2.40 (q, 1H,
2.44-2.52 (m4H), 2.76-2.80 (t,2H), 3.18-3.26 (m4H), 3.48-3.51 (t,2H),
3.55-3.63 (m12H), 4.11-4.14 (t,2H), 7.43-7.44 (m1H), 8.10 (d,1H), 8.15
(d,1H). M5 mz = 524 ES+ [Mrl-1]+, 524 G [M+rH 10Preparation 56:

1- am no- N-(2 ({5 [(28) 1- net hyl pyrrolidin-2- yI]pyr|d|n 3-

yl }oxy)eth 12-t et r aoxapent adecan- 15-a

HON- () - - . @ 3y? 2045(%1H)132f‘x3|%9(m ﬁb%%ﬁﬁﬁﬂm) 41114 4t(|t?l"b7c‘o%6§ﬁa hs

pr epar ed gmot(aqungﬁ;gher((@tmpd descri bed above for preparation 46, starting
frompreparation 45, to |eI or ym (55ng, 85% . 151H NWMR (400 MHz,
cDCl3) 6 = 1. MSIVBT 44k, ﬁq)['\"*ﬂazﬂ%%%"' ﬁi 2.18 (s, 3H), 2.22-2.30
(m1H), 2.33 ok al(dﬂloia".% tebt B2 (AR [é’SYﬁn%tI%ﬂ yriroRdih-2-3. 18- 3. 25
(m2H), ig)! ga Vjkth )é74(t 2H), 4.13-4.15
(t,2H)5 7Y' ' thy %Bet 8*!]81'1 Jearhamage 1y, = 469 ES+

[ MtH] , 469 C [I\/M:i]-l 20Preparat|on 57: 4- NErcapto N(2-({5-[(295)-1

_ et hy| pyrro|iaH94%<9mpyridi n-3- yl}oxy)ethyl] butanam’/di. OSH

H
O\"/N\/\O/\/O\)]\N/\/O NN
B!

O

Hs
N chiral

The title compound was prepared by the general method described above for
preparation 35, using [2-(2-tert-Butoxycarbonylamino-ethoxy)-ethoxy]-acetic acid
(prepared as described in Angew. Chemie Int. Ed. (2006), 45(30), 4936-4940) instead

10  of trans-4-tert-butoxycarbonyl-cyclohexane carboxylic acid, to yield a pale yellow gum
(50mg, 43%).

'H NMR (400 MHz, CDCl3) 8 = 1.41 (s,9H), 1.72-1.81 (m,1H), 1.84-2.01 (m,2H),
2.18 (s,3H), 2.21-2.30 (m,1H), 2.33-2.40 (q,1H), 3.16-3.26 (m,4H), 3.50-3.52 (t,2H),
3.62-3.69 (m,6H), 4.01 (s,2H), 4.16-4.19 (t,2H), 7.44-7.45 (m,1H), 8.10 (d,1H), 8.15-

15 8.16 (d,1H).

MS m/z = 467 ES+ [M+H]', 467 CI [M+H]"

Preparation 37: tert-butyl (2-{[2-({5-[(2S)-1-methylpyrrolidin-2-yl]pyridin-3-
yl}oxy)ethyl] amino}-2-oxoethyl)carbamate

O
I
w
o
(@)
I
ZT »
;O
23
O
g

T I
H | \
O ~ CHs
N chiral
20 The title compound was prepared by the general method described above for
preparation 35, using fert-butoxylcarbonylamino-acetic acid instead of trans-4-tert-
butoxycarbonyl-cyclohexane carboxylic acid, to yield a pale yellow gum (50mg, 53%).
'H NMR (400 MHz, CDCl;) & = 1.42 (s,9H), 1.87-2.09 (m,3H), 2.30-2.38 (m,4H),
2.60-2.67 (q,1H), 3.37-3.43 (brt,1H), 3.52-3.56 (brt,1H), 3.61-3.64 (t,2H), 3.70 (s,2H),
25 4.14-4.17 (t,2H), 7.49-7.50 (m,1H), 8.14-8.15 (d,1H), 8.20-8.21 (d,1H).

MS m/z = 379 ES+ [M+H[', 379 CI [M+H]*
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/ A sol ution of

2-(15-[(2S)-1-net hyl pyrrolidin-2-yl]pyridin-3-ylloxy)ethanam ne

(pr epar atworzoti2i)51§01100ng, 4. 971nmmol ), in water (10ml), was/IBreaadRd46M th y-
25 thiobutyrol actone (861ul, 9.94mmol) and the reaction m xture was heated
to 60C overnight. It was then evaporated in vacuo to | eave a col ourl ess
gum which was pre- adsorbed onto silica from MeOH This was then

chromat ogr aphed on a 40g | SCO columm, eluting with Et0OAc to Et 0Ac: MeOH: NH3
80:20:1. The appropriate fractions were evaporated in vacuo to give the

title conpound_ as a col qurl ess Yield 5 =43%
N:\/R (400Nh2, | CRE8PRYRHOR3P: tert buagt‘?("h? ERyPe, 1 methyipyroliingy leyriding 51 (m

3. ZGYIZ ,’ég ﬂ?]dﬁ)moﬁa rbathiite 4. 13-4.15 (t, 2H), 7.45-7.47 (m
: '8.11- M5 nml z=324 ES+ H and 322 d- [MHr
10 EXAMPLES The hdgpt en of preparati ony 4 was coupled to

di pht heria toxoid gH 8 o owP oce § e. a) The
hapt en was obt ai ned agH, yel how oil gnd storgd atf 2-8 C until the day of
use (for up to one V\eek | onger storage was 00).CHhi s oil was

di ssol ved in either 15 Dul beccos' Phosphat e Bulf ered sal FREAlwi t hout Ca or

My (DPBS) or dﬁteﬂtﬂ!e%ﬁhp%ﬁ@ﬁva@bre‘é@ré&bﬂﬁ@b@ﬁbrﬁﬂhetﬁbd%I@éétﬁ;b@%bomrreSU't
was a gel | ow brown _suspensi on or sol uti on. Separately, an aliquot

of con enP'ie&P@&%I?’EtH%‘ﬂQr ted- WB%&‘MlCa’WDY'?%PVSB'Pa'PﬁéH 'aﬂﬂach%f tf?@sét‘ g8t
filtrati oautdmtﬁdnpgcﬁwhé%he(&rwwamd ttﬁglemﬁ bate yeliow §emPromgsr2ehianged to

DPBS. The eluate fromthe caol u solution at approxinately 11
my/ M as 20 defENHRAAR0 Wiz EQ%Qd?b?%(sa%'é)aQ BchehiRd He BP0 AM2ME e
reagent, E’Izar(geHs:hezn zeh)(mtnst)ngsa-zbnv(th)semm@éhﬂaHm Ssapdanggur ve. An
al i quot of this was furt her give a 4nl solution at 5

g/ m  pr oftdPit 1§1(t8,jé3§ 44 745 (m H’j) §APS-H quut)t86§ 87 Weld)r eacted with

succinpc anhyd\nstE@ggrE@awm]hmefm +H]JCCI nyI ated di phtheria toxoid. The
4mL al i quot of DT i % succini ¢ anhydride as a

solid, and pl d’c’@ﬂa@ﬁw& 1{9..,5%!1 PUWI' é‘r'{[?t( K%%l H‘E‘eé'éﬂgg@°ﬁﬁ'|"tzé¥'i]5\ﬂ'dd ~3r oom

t enper at Uyﬁoiy)étﬁl]fhmnhb}lﬁﬁ(obatﬁ)éatfﬁhﬁawSl ng this nmethod, the end product
was not a clear sol u& on. At the end of the 3 h reaction tinme, the aliquot

was applied to a gel iil(t;|r| tion desalting colum and eluted into DPBS, to

remove unreacted sRhls cuI e cofponents. This igcrgased the vol ume of
the sanple to 6nl totap, of suldjo- hyd-‘ox succi ni mde (s-NHS),
as a solid, were added t th 6 suc |ny ate i Quot, and s-NHS was

all owed to dissolve by igverting the tube and_gentl e Giixi ng. Then 28 ng of
1- et hyl - 3- ( 3- di met hyl ami nopropyl ) carbodii mi deN ydr ochl ochicke ( EDC) were
added to the n?, as a,solid ovved solv rting the

t ube and gentle r#l)elc%npowldew%gcqpa r‘ijd%%?g? er?sug 9?3 @g@%})g@'ﬁs NHS)

was | neubptepdration Bﬁ,ammgeteﬁdmmmarbboylammmancﬂ@@cl@Inste‘adtdﬁﬁahapttem sol ution

eing o VEROHpEhg QRS e Sy CRA, PR {hHeTalRT aihidimd P 10 ¢
gentl e agitati'6hNMR (400 Mbiz, COIAIR5,= A1 (33%1) ﬂé’l@p‘eT&(mQH) 1496- 2}12 (exH)of t he
reaction biye 54 6113 9L WASHAPPEbSYd @, 74)9502-3.07 (m,2H), 3.43-3.49
(brt,1H), 3.58-3.61 (t,2H), 3.64-3.69 (brt,1H), 4.15-4.18 (t,2H), 7.51-7.52 (m,1H), 8.16-
20 8.17 (d,1H), 8.23-8.24 (d,1H).
MS m/z = 407 ES+ [M+H]", 407 CI [M+H]"
Preparation 40: tert-butyl (5-{[2-({5-[(2S)-1-methylpyrrolidin-2-yl]pyridin-3-
yl}oxy)ethyl] amino}-5-oxopentyl)carbamate

CH; O 0O E/>
CH3+O)]\N/\/\)J\N/\/O AN : N

CHy  H H L bk

N chiral
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5 filtration desalting colum and eluted into DPBS, to renove unreacted
smal | nol ecul e conponents. This increased the volune of the conjugate
sanpl e tovemitsig. This 8 m eluate was then concentr aCedBua/ngp48k MNCO

centrifugal ultrafilters (MIlipore) to approx 3.0 - 3.5 nl. f)
Usi ng a bovine serum al bum n standard, the final conjugate was anal ysed for
10protein content using the Bradford (Pierce Coonassie Brilliant Blue

reagent) assay, and the final concentration determned as 2.3 ng/m. The
conjugate was anal ysed for hapten incorporation using the ultraviolet

spect roscopy |n the 250 - 270 nm region versus an uncon gat ed control
nor mal i sed f or 5tBle&PmPeYRd Was PrepatFd Rysthe ganrrat mether desqribsH gpgve for

ant i bodi ep@pBrdtiBn BH] lﬁsuﬁgegncuﬂ;t&%lE&aﬂioﬁdadenpéMd'@édud/msfeaa@fdansm@eﬁ:om ugate
15 was al so anal ed by SDS- PA el ectroghor esis and for endotoxin content

usi ng t hePtRKYca 'CYPMSM"V CarbaRylic Fd-daM5Ica Brle RO BHP (GAPS
hydrol ysed andHamRy@e6 M, ammae;pe:rﬁmiﬂmma(&m 1#HL €570 6B{eDA), 20 1heg nunber

?EUES"%S“ﬁa@%%ﬁ%é@éi@%é@%ﬁ%&‘a%&é 3H0g) o A )ROSR & v

sterile f{hpen, @49-9!564%@ 9583 a1t 2M),i3TB23 B0 [(Bren Hp A 524 8@t 28-H| 7.85-

subdi vi ded _into ese eptic aliquots were stored at -80
C until 5215925% tgmﬁeﬂ’s{dqﬁ'ﬁ 58@% dry i ce. Exanpl e 2. The
hapten of pr epasaﬁ/kemzllazgaawﬂqumqadnt[mﬂd] pht heria t oxoid pr ot ei n usi ng the
general procedure d scrj b 0 e 1, with the g 25
changes: in stéﬁpa5a iop g‘fﬂ' tﬂ?@ [%a(ﬁeéﬁgﬂ) W)'HVVKBP‘&'" e

react iqon Vl}diyé)éﬂxyl]@iﬁinb}ls-“dx%hef(yl)cafrbﬁnélena| concentration vvas determ' ned as
3.3 ng/ m theC apten - DT conjugate was found to have 13 haptens per
protei n nononer. CH; Exanple 3. The hapten of preparation 7 was

coupl ed to di pht BElkTla t @xoi d protei u5| ng the genera rocedure descri bed
above for exanple 10w t foll g eps ¢, e and f.

In step c), a 3 m porftion of the aIi ot was pp 0 a gel filtration
desalting colum and € uted into DPBS, to renp e nrea@tHed smal | nol ecul e
conponents, whereby the volune of the purified rrpl e was Fhi@eleased to 4nml
total ; step d)Tneﬁﬁue%mp@nﬁ@daegrépdédoaﬁneggnaial Abtnbl BebiHBbg LA t4f | On ver e

added to the 4mlsucci nyl ated uot Inverted gently to m x. Then,

28 ny of BIEPALRD ﬁ?mm@dcbyiqu?d@ny gminqHixangic acidderierd of trams-4niestt ur e, as
a solid, pgigdx@l aFBBP?ﬁcfcfthkér%OAaYﬁo@h{c ééic‘! 85 YiePa b&l@ yEHHW é’rﬂg&%@tdd%)m xing.

Finally, 28 of am car bo

no
nydr odhi or | de HEWAR (¢69 S 5 i o e e Bmed {0 5
di 5501 ve iy oL pves bAg (s 8 2051, 0P 50 D18 ROh)! RO IEBEY 8ot M Xt UT e

was reacted f ol une con was | ncreased to 6

S orar b, 296,081t St 8 OB BmBHY A SR M ok SO REHL biaus | ng_ 10K
MACO cent17|5gdg,a1|_|)ugt1g@f2d (aefip, 8 bblglam@r d to approx 2.5 - 3.0 nl.

In step f), the final concentratlon was termned as 2.4 ng/mM, and the
hapten - 10 DN%@HFUM@%@’“T"HU@5@[MWE 14.5 haptens per protein

monongp . Preparation 43: témﬁuﬂfl‘?i - (§- [(@Sfﬂméﬁyuaprréu.m& -GN RA-3L O

di phtheri a_toxoi d protein using general procedure described above for
exanpl e 1YllexyathyHamipp}- waﬁQeEWé)ﬁgﬂ’s"ma#ep d) was perfornmed as follows:
120 pl of the haptep eol ution were added to the 6mlsucg | ated DT aliquot.
The m xture was sti %NMHMVOHGX Then 2& 15 g of

sul f o- N- hydr oxgs and allowed to
di ssol ve by invercHEg t He tube and gentle m xin naII 28 ng of
1-ethyl-3-(3- dinethylam nopropyl) carbodiim de rochl orf’d;ﬁ,raEDC) wer e

added to the m xture, as a solid, and allowed to dissolve by inverting the
t ube and gentI'@‘erﬁﬂ}%qu?gmodfr‘ﬂjwﬁﬁp@cpéf?dfgy the generalyaethed desgiibed @peye Ras
det er m negrRsrafion 35UdHg teﬁ‘%tdx?ﬁ;ahﬁﬁ?lﬁﬁuno r'iéBt&RfH é&ﬂn@te%@ offsnd24Hl to have

19.3 haptens per protein nononge @QD hapt en- d;pacer
conj ug@at ebutpxysgrianybarclohpsang C’ﬂleW ligacidte yiekl @ Balg UGU@'Y GUfédﬁb'T‘%

di pht heri a t oXgj gvR'@6¢ MHAE §Sf=l PQSM'SA(W%F&@@O%@GMWH) 1.55-1 64a) The
hapt en- spacer c QA- aat es were obtained as a ow oi | and Stored at to 8

C until tfB2H2- §4mc3tdr 248 Zt%? GAH).Retk2. 4%&’1‘?91@}) 348 03d). Aeld-280 - 20C)

This oil was
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25 di ssolved in Dul beccos' Phosphate Buffered Saline without Ca or My
(DPBS) at 50 ng hapten per m solution. The result was a yell ow brown
suspensi oNOan11561807i on. Preparation 33 did not di ssol vePCuliB3o1i/ns2dei oni sed
water, and so was further dissolved to 50% nmet hanol to a final
concentration of 25 ng hapten-spacer conjugate per m sol ution b)
Separately, an aliquot of concentrated di phtheria toxoid (DT) was obtained
30 and using a gel filtration desalting colum (Bio-Rad), the buffer of the
DT was changed to DPBS. The eluate fromthe colum was a 4ml sol ution at
appr oxi ma el determn t he Bradford assaérl, Cooma55| e

B 1117 ant (B %%7"3@9&2% erds- %@WE‘&@)%@%& 21p3FPrebAE M. 4t ami n

standard guev\e2H |7|5gL75]p 185, .19 ssdbl@uay with further DPBS to give a
2mL sol utlon\(at B b, Beln Iﬁj@ \ y c) This aliquot of DT was

reacted with M\?é"/ﬁ c44§rfﬁ§7"dw Gl ﬁ&g&"é'\éf'é] a nodi fi ed succi nyl at ed
di pht heria t OWeaaraT.m Mmbuwufn (@{[ZJRE-I(ZS)WBﬁtmﬁyﬁGI'mhrﬂeﬂ]wmﬁnﬂom.J

succinic ride on a tube roller to provide

gent | e® agg’tygf’?‘m"é\f' ?'Bmﬂit%wg?w)gthﬂfﬁf:a@ams It was noted that using
this method, the endHp, @oduct was ot a clear soluti At the end of the
3 hour reaction tl%gs allqu%mme@ to_a ge biltration desal ting
col um and el ut egH nt un Nnol ecul e conponents.
Thi's i ncreased the ¥laume fbf t he sanpl® to 3ml to} I. };H3 d) 9 my of

sul f o- N- hydr oxysucci ni m de (s-NHS), as a solid, re addedcHig) t he 3mL DT
aliquot, and the s-NHS was allowed to dissolve by inverting the tube and
gent | e 10ni xi ngd'® HHESRMPOHRI WRS Rreparsd by: sth?gewrﬁb'f‘%ﬁ'ﬂp%’??ﬁf PgﬁW‘}e for

car bodi i mpeépakiigh 86 Nisirg @eteﬁtlﬁa@qwb@nymiﬁtﬁ@etrfbxw:@ceﬁwbuurr%teaiﬁofaraagi id, and

allowed to dISSO|V by 1 nverting the tu and g m Xin rg of the
hapt en- s pAdeFPEgRy ny-asherie W%P%W'QBBV@'Q%B%IVPMWg\"@p(é? gi on 33)
were agdedz%p the reaction mxture (succinylated DT/ EDC sNHS) 15e) The

m xture was reacted for Wit h on, on a

| :
ol or - at r ool MR aPh M Coke) Biret 226 1. Brie-4-Sa B o 2 £ 52 0arh T quot
was appl | z@1t(93s|) @ed3- $I1br(ma1u4)0®241332® (M, 7g), 6B2LB155 a/PeH)ed 86-86%9i (AL3H)DPBS, to

{he. con) UgBde Sen B33 4ma Dot 3T 3 (OBl 1% BRUIE)erb Mpirn

st andard, 83BgdfiHpal conj ugate was anal ysed for 20 protein content using the
Bradford (Pier o] ie iLliant Blue.reagent) assay, and the final
concerdfrati on %@%ei@%ﬂ%* @A’b %&%\"éﬂl in table 1. The conjugate was
anaI237/3ed for Irreparationaa: mf-atutw[rzwc{sqgs;uﬂrh yeﬁolmn?aziyu]gsj?am-l n the 250
to nm r egi Ver sus GO ntro ised for protein
cont ent, 8)9%@ ?soﬁ'r‘?ﬁ“t"‘aﬂﬁ‘g éf‘gﬁé_)ﬂf‘zaﬁ?“'ﬁﬁﬁ”'égﬁﬁﬁ? mateni s regi on

conpar ed WI t@H{ he native toxoid. The 25 conjugate was al so anal ysed by
SDS- PACE ¢ @hor esi s and for endotoxin content ousing the LAL assay.
Finally, a 100 pdisanple of the conjugate vhs hydrqlysed and anal ¥sed usi ng

rever sed- phas md@wm@é\hg\nnﬁbef €dNper
protei n nol ecul The hapten loading for the kested Banples | s det ai}j,_pd
below in table®1 and 2. 30g) Finally the sanple was s¥WRl | eTtered®

through a 0.22 pmsyringe filter and aseptically subdi vi ded into 1.0 m
St udy D ocat 1 on e ey efnd W2 bieptey he spherBlmaey e SPPRRORS 1760 11
DT- hapt enpseparcation 85 ashrgili(83+{2-25(3ite b ubkycarbonylamino-propoxy)-ethoxy}-ethoxy}-
propyl)-succinamic acid instead of trans-4-tert-butoxycarbonyl-cyclohexane carboxylic
acid, to yield an orange gum (80mg, 51%).
'H NMR (400 MHz, CDCl,) & = 1.42 (s,9H), 1.68-1.76 (m,4H), 1.97-2.15 (m,3H),
25 2.35-2.52 (m,9H), 2.71-2.80 (m,1H), 3.09-3.14 (m,2H), 3.20-3.26 (m,2H), 3.48-3.51
(t,5H), 3.565-3.64 (m,10H), 3.66-3.76 (m,1H), 4.14-4.17 (t,2H), 7.53-7.54 (m,1H), 8.17-
8.18 (d,1H), 8.24-8.25 (d,1H).
MS m/z = 625 ES+ [M+H]", 625 CI [M+H]"
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DT- hapt en- spacer preparation 26 1.84 22 DT-hapten-spacer preparation 27
2.22 16 DT-hapten-spacer preparation 28 1.91 16 DT- hapt en-spacer

pr epar at iwo 28/15180 19 DT- hapt en- spacer preparati on 30 PCEABA041/052446
DT- hapt en- spacer preparation 31 2.18 15 DT-hapten-spacer preparation 32
1. 62 15 DT- hapten-spacer preparation 33 1.51 11 DT- hapt en-spacer
preparation 34 1.78

10

15

20

25

Preparation 45: tert-butyl [18-({5-[(2S)-1-methylpyrrolidin-2-yl]pyridin-3-

yl}oxy)-15-0x0-3,6,9,12-tetraoxa-16-azaoctadec-1-ylJcarbamate

CH; O @ =/>
CHﬁ\ o )]\N /\/O\/\O/\/O\/\O/\)I\N/\/O N N
CHs H H P EH,

chiral N

The title compound was prepared by the general method described above for
preparation 35, using 3-(2-{2-[2-(2-tert-Butoxycarbonylamino-ethoxy)-ethoxy]-ethoxy}-
ethoxy)-propionic acid instead of trans-4-tert-butoxycarbonyl-cyclohexane carboxylic
acid, to yield an orange gum (80mg, 56%).

'H NMR (400 MHz, CDCl3) 3 = 1.42 (s,9H), 2.03-2.20 (m,3H), 2.38-2.50 (m,6H),
2.85-2.91 (m,1H), 3.19-3.22 (m,2H), 3.47-3.50 (t,2H), 3.53-3.63 (m,15H), 3.71-3.74
(t,2H), 3.84-3.92 (m,1H), 4.17-4.19 (t,2H), 7.58-7.59 (m,1H), 8.20-8.21 (d,1H), 8.28
(d,1H).

MS m/z = 570 ES+ [M+H]", 570 CI [M+H]"

Preparation 46: trans-4-amino-N-[2-({5-[(2S)-1-methylpyrrolidin-2-yl]pyridin-
3-yl}oxy) ethyl]cyclohexanecarboxamide

O

J :
ISEane
\
CH
H2N N/ ’ chiral

A solution of tert-butyl (trans-4-{[2-({5-[(2S)-1-methylpyrrolidin-2-yl] pyridin-3-
yl}oxy)ethyllcarbamoyl}cyclohexyl)carbamate (preparation 35) (35mg, 0.078mmol) in

DCM (3mL) was treated with trifluoroacetic acid (1mL). The resulting solution was
stirred at ambient temperature overnight,after which time it was concentrated in vacuo.
The residue was dissolved in MeOH and applied to an SCX-2 cartridge and eluted with
MeOH followed by ammonia in MeOH (2M). The fractions containing product were
concentrated in vacuo to give the title compound as an orange gum (17mg, 62%).

'H NMR (400 MHz, CDCl3) & = 1.16-1.26 (m,2H), 1.47-1.57 (m,2H), 1.71-2.01
(m,8H), 2.13-2.30 (m,4H), 2.33-2.40 (q,1H), 2.68-2.76 (m,1H), 3.18-3.26 (m,2H), 3.56-
3.59 (t,2H), 4.12-4.14 (t,2H), 7.43-7.44 (m,1H), 8.09-8.10 (d,1H), 8.14-8.15 (d,1H).

MS m/z = 347 ES+ [M+H]', 347 CI [M+H]"

Preparation 47: 2-[2-(2-aminoethoxy)ethoxy]-N-[2-({5-[(2S)-1-
methylpyrrolidin-2-yl]pyridin-3-yl}oxy)ethylJacetamide
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14 Table 2 DT-hapten-spacer preparation 46 1.39 3.6 DT-hapten-spacer
preparation 47 1.56 23.6 DT-hapten-spacer preparation 48 1.43 22.8

DT- hapt erwepatiersigrepar at i on 49 1.41 19. 2 DT- hapt en- spa®€m/iproapesatd on 50
1.58 19.7 DT- hapt en-spacer preparation 51 1.48 14.2 DT- hapt en-spacer
preparation 52 1.57 11 DT-hapten-spacer preparation 53 1.60

g

O
HzN\/\O/\/OJkN/\/O | N N
H
NT s chiral
The title compound was prepared by the general method described above for
preparation 46, starting from preparation 36, to yield an orange gum (37mg, 95%).
'H NMR (400 MHz, CDCl3) 8 = 1.72-1.81 (m,1H), 1.84-2.03 (m,2H), 2.18 (s,3H),
5 2.22-2.30 (m,1H), 2.34-2.41 (q,1H), 2.83-2.86 (t,2H), 3.19-3.26 (m,2H), 3.54-3.57 (t,2H),
3.65-3.71 (m,6H), 4.02 (s,2H), 4.16-4.19 (t,2H), 7.44-7.45 (m,1H), 8.10-8.11 (d,1H),
8.15 (d,1H).
MS m/z = 367 ES+ [M+H]", 367 CI [M+H]"
Preparation 48: N-[2-({5-[(2S)-1-methylpyrrolidin-2-yl]pyridin-3-
10 yl}oxy)ethyl]glycinamide

O
N I~ oA /N>

| p E3H3
N

chiral
The title compound was prepared by the general method described above for
preparation 46, starting from preparation 37, to yield an orange gum (37mg, 100%).
'H NMR (400 MHz, CDCl3) & = 1.74-1.84 (m,1H), 1.87-2.05 (m,2H), 2.20 (s,3H),
15 2.23-2.32 (m,1H), 2.38-2.44 (q,1H), 3.23-3.28 (m,2H), 3.37 (s,2H), 3.63-3.66 (t,2H),
4.15-4.17 (t,2H), 7.45-7.47 (m,1H), 8.10-8.11 (d,1H), 8.15-8.16 (d,1H).
MS m/z = 279 ES+ [M+H]', 279 CI [M+H]"
Preparation 49: N-[2-({5-[(2S)-1-methylpyrrolidin-2-yl]pyridin-3-yl}oxy)ethyl]-

beta-alaninamide

0] =/>
/\)J\ /\/O N :
H,N N | N
Z CHs
20 N chiral

The title compound was prepared by the general method described above for
preparation 46, starting from preparation 38, to yield an orange gum (52mg, 100%).
'H NMR (400 MHz, CDCl3) & = 1.72-1.81 (m,1H), 1.84-2.03 (m,2H), 2.18 (s,3H),
2.21-2.30 (m,1H), 2.33-2.44 (m,3H), 2.93-2.96 (t,2H), 3.16-3.26 (m,2H), 3.60-3.62
25 (t,2H), 4.13-4.16 (t,2H), 7.43-7.44 (m,1H), 8.10 (d,1H), 8.14-8.15 (d,1H).
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12.1 DT- hapten-spacer preparation 54 1.89 29.3 DT- hapten-spacer preparation
55 1.32 12.6 DT- hapten-spacer preparation 56 1.45 20.9 Exanpl e 6.
Hapt ens wWohoa/15e8¢t i ve am ne group can al so be conj ugarew/iBmidiizhtcheri a
toxoid without the addition of succinic anhydride. An exanple of the hapten
of preparation 12 conjugated to di phtheria toxoid is detailed bel ow, but
this can also be perforned with preparations 4, 7, 8, 24-34 and 46-56. 5a)
The hapten was obtained as a yellow oil and stored at 2 to 8 Cuntil the
day of use (for up to one week, |onger storage was at -20C). This oil was
di ssol ved in Dul beccos' Phosphate Buffered Saline without Ca or My (DPBS)
at 50 ng hapt e¥S F¥E =ABER UM 2PRENIMEH ¢ was a yel | ow brown suspensi on
or solution. Iprepartiontsd: Y-anfiRoN-[HS -1GREGFIPYrAsIREh-diyppyhaim-3 t oxoi d
(DT) was ol;t ai ne?ielo and using a E:jef{ ?lﬁst)r ation cYesaI ti ngwfggl um ( Bi o- Rad),
the buf f eV Ig¥Y)eWlbptaRaMdeanged t 0o DPBS. The el uate fromthe col umm was a
4ml solution at approximately I ng/m as determ: by the Bradford assay
(Coomassie Brilliant gﬂlue reagght, Pierge Chemnical) Jusing a bovine serum

al bumi n standard cur /&) i “oRthi itMied with further DPBS to
give a 2nl solution at 5 ng/m pribtein in bPBS 150% 9 nmg of

sul f o- N- hydr oxysucci ni nide (s-NHS), as a soly#, weré &d eag to the 2m. DT
aliquot, and the s-NHS was all owed to di ssolve by i nveP g the tube and
gent | esm xi ng.ThEMtitle cdmpgued was ptepatedDy(tBe denarhhméthod degaribpst lapowsafobodi | m de
hydrochl ori de (.E were added to the mxture as a soli a |l owed to
0 ssot ve. PP b, et e Poettat et S en GEnd S Bimd BB 1 o

sol uti on prepaHNMRIG0G MMz, €DDII 6 1.8311t82 (RO3HEL 4408 (m,2H)I218 (s,3H),

( DT/ EDC s { i U t j 1 h

dropw se %gﬁ?%@"gwﬁﬁ%?g?qu 2%6%!\9%@%?1 iﬁﬁgﬁﬁzﬂﬁﬁaﬁﬁf&%@ to 4
hours w t A.18ents @& 28 i7t43t7.40(m,aH),8. 1Quae1 H)p8 148,15, THHom t enperat ure. At the
end of the re ion_tj t Li +«applied to a gel filtration

desal t1?ng col Wﬂ% "grzu'i’ dgﬁﬁqsgdfﬂﬁmo 3@2’%,['%?%] remove unreacted snmall nol ecul e
25 conponent s.Préparmtiond1e SsaminoNe[2+{54(2S)-dfmethy | myorolidiraRe/llpgridine3+ o 3nil
total. vi ne serum al bum n standard, the final conjugate

I )eih Hm ng‘_ra b@ . ; (
was anal ygé‘a)qfs YORSTRINPU6Rt ent usi ng the Bradford (Pierce Coomassie
Brilliant Blue reagent) assay, d&nd the final concgﬂ’&ti on determ ned as
3.01 ng/m . The conjugate was anpl ysed fegy hapteniingorporation using
ul traviol et spectroggepy ¥ t 2 /Weg' n su® an 30 unconj ugat ed
control normalised for protein cordent, an n‘@Hto nore strongly
anti bodiesorb in this region conpared with t “nati ve ?9 i d. The conjugate
was al so anal ysed by SDS- PACE el ectrophoresis and for endotoxin content
usi ng t he LAL Ensdiile coFipaund was arepatednry thegpherabnethne dessijbed abevenies

of hapk entrParIRaL /G (ﬁ??@i{% oy é‘?ﬂ?@?‘a"?ﬁé@éagﬁfﬂﬁ"?ﬁ@?%f‘ igate ves
found to have HINMRA40R ; I Dt b8 1hBSr(on2H). 1.61-1.68 (m,2H), 1.71-1.81
(m,1H), 1.85-2.03 (m,2H), 2.18 (s,3H), 2.22-2.30 (m,3H), 2.33-2.40 (q,1H), 2.68-2.72
(t,2H), 3.18-3.26 (m,2H), 3.58-3.61 (t,2H), 4.12-4.15 (t,2H), 7.43-7.44 (m,1H), 8.10
(d,1H), 8.14-8.15 (d,1H).
20 MS m/z = 321 ES+ [M+H]", 321 CI [M+H]"
Preparation 52: 6-amino-N-[2-({5-[(2S)-1-methylpyrrolidin-2-yl]pyridin-3-

yl}oxy)ethyl] hexanamide

0] =/>
H2N M N e | 7 [\{
7 CH;
N chiral

The title compound was prepared by the general method described above for
25 preparation 46, starting from preparation 41, to yield an orange gum (38mg, 76%).
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g) Finally the sanple was sterile filtered through a 0.22 pmsyringe filter
and aseptically subdivided into 1.0 m aliquots. These aseptic aliquots
wer e st orwo 2a11/15897C 5unti| shipping to the study | ocatiPem/iIBH1UDI244CE.
Exanple 7. Preparation 12 can al so be coupled to CRML97, as well as to

di phtheria toxoid. An exanple of such as conjugation is given bel ow.

Al t hough not shown, the sane process can also be applied to other am ne
cont ai ni ng haptens such as 4, 7, 8, 24-34 and 46-56. 10a) The hapten from
preparation 12, was obtained as a yellow oil and stored at - 20C. This oil

di | d | b h ff d | ho
(DPas) “at 50 rr'@”m@”&@ﬁg e A AP R R e

suspensi o{m2H),Sur21 i8em 1H) 1.84-2.03m, Q?IQEQY@(@'SH) 2299 W(mm)qg@ta 2040
concentraz ed CRI\/|197 QN% m‘g)ggwas t hawed 15 from -80C t0 2-8C._ An 8. 62
A, 3-18-

m al i quotd: B ?ﬁév@e MZWed-2ArPH L2 é'd1%t1ﬁ(t12'é)87ﬁt3 ot4 DPBS to
ﬁl ve a 10|(m1s|(plgm9 -81034,161), rag141315r(@t1519 ndl n DPES Lot CRI\/E?)?SOOI pl of thﬁ'
apten_sol ution_prep o the solution, this
was added sl ovﬁ? d%%g:p?m @’Z%}y\gﬁs%ﬂ%ﬁ*ﬁt react on a tube roller for 5
mns. 20d) Af terephfitionts3z-anfifoNH2{{5 hethyfbydroldie-2iyMpytidm-§s- NHS) as
a solid, V\ﬁs theﬁ added to the 10%&({01*2}'&837 solution. The s y'l'}p HS was al | owed

to dissol ¥ oxy)ethylleptanamide  ube with gentle mixing. The sol ution was then
|l eft to react on a tube roller foro5m ns. e) After 5 mins, 90 ng of
1- et hyl - 3- (3-di net hyWrbodi [ g}'de 25 hy‘jgf\o\,@hl oride (EDC) was
added to the CRMIqA SO RS a~s0l g, INs was al lowed to

di ssol ve bylnvertlngthetube with Hentle m[ing. At |s stage the pH was

adj usted dowmn to pH 5.6 with dropw se addItIOd’Q ira f) The
reaction mxture was then transferred to a col room(2 8(’3‘ and left to
react on a t ubkehertitleloempbond ﬁahpmpared&@ghegenerhememdddés&rlbedlabamioon time
the s | e was de | t.e to dPBS 5 X, NAP25 col u t 0 _LefDVe excess
une v cat el FARETIR. lod B Stefpatth £8) o gl S rapd TR A 220 Cacea 1o
15ml. h)'HUSMRg460 Mbiz, GO Bu. 32-UL37i(m 4 anddrds1 (rhéH1)|1n®z-1ﬁ5nj ugat e

e
T e L
(&8

contr ol n content, and was found to nore strongly
ant i badi esor b M8 mth§49d§;S+o[M+¢ﬂh1$a9(£H[MnrHﬁ the native toxoid. The conjugate

Lot ng & he LAL TroRa(h iR e ainGoBokL AT AICS PPe R ilORIR2; 0 oo o
hydr ol yseyl]pymﬂlamaw}mey()letlmljagetaﬂudesed phase HPLC to determ ne the nunber

of haptens incorporated per prot in nolecule. The ten - CRML97 conjugate
was found to have 8.0 hapten prot el n m)norrer =|) inally the sanpl e was

sterile filtered thﬁgy 10aseptical ly
subdivided into 1.0 allquots ese ase |c Ilquots were stored at -80

C until shipping to the study |ocation on CH; Exanple 8. It was
found that by increasing the sNHS/ EDC concent atl on of chiglreaction m x,

t he amount of rol | ed.
An exanpl e of -Q%?gﬁj%gg%? ﬁﬁwggbﬂelp é%gjr@ﬁlhé:gﬁﬁergfr%ﬁg td Eg#!bgd? ggﬁjﬁpl s shown
bel ow20 Thereparatien H@csta@naﬁomeparaw 4% to wirldran erasgegurn (27eg.184f4)owi ng
changes in st CRENGRAASO fikiz, gocﬁg‘g”- £YER 62)(m. il 1t1fy482 } peHh e gl of

sul f o- N- hydr ox sucm ni-md nopr opyl )

car bodi i n2@8-23QadH). @r340240 b)), =489 t.2Hhe 2&'@?@6"&1&'& 345-ye& f12Hd DT
can be vagigady 6d fi 2H '@o@@pm)' %6%199@59)0/“4@%@5@ r%g% dﬁsd to one

aliquot (this is referred to as condi'tion 2) an and EDC 20
was added(d:BHanot her aliquot (this is ref erred to as condltlon 4). The

sanpl gg were ng@§ npE-2d4sd e 4qra2s ¢Ip-g6 W th dropw se addition of 1M
HCI .

Preparation 55: N-(3-{2-[2-(3-aminopropoxy)ethoxy]ethoxy}propyl)-N‘-[2-({5-
[(2S)-1-methylpyrrolidin-2-yl]pyridin-3-yl}oxy)ethyl]succinamide
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In step e): for the conjugate nmade using condition 2, the final
concentration was determned as 3.14 ng/nm, and the hapten - DT conjugate
was foundwODaohiznsesod. 3 hapt ens per protein nonomer. For wPhe/1BzMj/0faie nmade
using condition 4, the final 25 concentration was determned as 2.46 ng/m,
and the hapten - DT conjugate was found to have 13.2 haptens per protein
nonomner . Exanpl e 9. Preparation of thiolated hapten-spacer conjugates
onto CRML97 and formalin inactivated Di phtheria Toxoid (DT) via bronpacetic
acid N-hydroxysuccini m de ester (BAANS) conjugation chem stry. 30a) 3rrfL of
CRML97 (17.73mg at 5.91ng/nml) and 3ml of DT (24 at 8ng/ mL) were
and desalted into 100nM Phosphate bufferH pH 8. 0 usi ng 10DG desaftl
col ums (PiLELC (o 3l
4dng/ mL usi ngkt/ﬁ/)e\s%rre bufioe ) m uot of t e sal t\ed
CRML97 and DT sanpl es was taken and cool edOto 2-8 C. chiral / Ong Gtz t he
hapt en- spacer conjugate of preparation 57 was dissolved in 3 ul DVSO and
700ul dPBS to a final concentration of 20nmg/m . 5d) 500ul (10ng) of the
??pt en( Z pace[) mjtugﬁmoan‘ﬂ ﬁ_tais prepaRsi tnge@ehaaﬁﬁesgbq aés@rbewgsbwlfogCEP

tris car box y i ne i er and incu I ours
W th ag t BEPARILE PR TOR ateaaatorad 1 Uhiah G on Gt st B v
frozensat - 208 MMR (400 yHze CDCI) 6r=a920-1.80 (m, 5H) 1.86€2.09 (n 2HN B €SB (si3H)p St ep

Concentr s2eut M IRahE P 487814 A 5 g 27628 (RRE A B 2bea 10 1 m

of DT/ CRI\/UtﬁZH)SMBO«B)Mz@rm-I)gngSVH B3(m, azHﬂﬁm174.)1; (tlm)y\aaweac(greu?)‘ 8r1090 m ns
at <11C. 7 S added per ng CRM u/DT). g) After 90m ns,
11 opelaig B@ahe i

still ope t he bronoacetyl ated CRML97/ DT was 15 desalted into
col d 100nM sod‘iASmfnlzarﬂz@HEHeManlslmrmt[Mm]jffer pH 9.1, using a NAPlO

S Ao e breharafibare diaming -2 B EREAT 8@?/‘1%80‘1@3%?3%&53 - conj ugat e

was addedyl}aiy)ethyl]kﬁ,0,911I2»tetradxéﬁbﬂﬂdc@ii-1$aamides again slowy and dropw se,

with mxing to prevent concentration gradients 20 from form ng. i)
After the hapten-spacer conjugate was added, fhe pH was checkeé/abj
adjusted to WLth drspuise add| tieq 0. NaB&/ HOL_ eqti &d

j) The reaE'tzlonAm/xture wds kept in th® anti boomesence r h ht,F\fwith

m xi ng, for 18 hours. 25k) After this time, 2ul N-ageiyl! eam @fd; (NAC)
was added to each reaction mxture and reacted, again in ti bodi esence of

light, for 3 hpigfieWobipodsd was bRipatdd By the @eﬁeral rﬁabf@aaé&woed above for) After

reaction, it was desalted_into Dul becco's PBS using 10DG desal ting col um

(Bi oRad)  PTSRETAUAN 4G, EHNG FOmuARarEiaRAa. jo viRl ATOrBNGE s (Sareg. BI)S | | ter od

througp a 0. ZZFmMRYﬂO(DWﬂ-sz cmamﬂ7ﬁamt(h9ﬂhj yaaLz gweﬁeﬁ) 2Tm@e3mseptl c
aliquots were store C until P

b o0 S oho 3060, 3 B B0 (S0 h A BB K 22D 2H0 b et 25 M) sed 1 or
protein combeks «!@HI)I% $shs 6Bl P 037 Piaetace 2190 aMesss i1 8 (tBH)! 7.uarrtasBl ue

reagent) ass final concentration was determned as 1.59 ng/m .

The conj ugﬁﬂb‘){\&a@ . E‘@ §ﬁ§r%‘?‘e@ W SDS- PAGE el ectrophoresis and for

endot oxi N cont)@gtm/AE<i1a9 HEMAM] asg@{[MEHpally, a 150 pg sanple of the
conj ugat e was hydrol ysed and an % rever sed- phase HPLC to

deter#Pne the rfens@at'oafﬂh&ﬂ\ﬂ%rﬁgptodxdhsﬁr&% f msﬁhsﬂmmlm"ﬁov'mmd@-3-
yl}oxy)ethyl] butanamide.

O SH

) W and
N N o\/\ﬁ
/

CH; ’ N/

A solution of 2-({5-[(2S)-1-methylpyrrolidin-2-yl]pyridin-3-yl}oxy)ethanamine
(preparation 12) (1100mg, 4.971mmol), in water (10ml), was treated with y-

25 thiobutyrolactone (861ul, 9.94mmol) and the reaction mixture was heated to 60°C
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5 The hapten - CRML97 conjugate was found to have 11.6 haptens per protein
nononmer Exanple 10. It was found that by increasing the BAANS concentration
of the rexotoonsmsox, the anmount of hapt en/ hapt en- spacer pconpugad4ddoaded
onto the carrier protein could be controlled. An exanple of a conjugation
of preparation 57 to CRML97 is shown bel ow. 10a) 9nil of CRML97 (53. 19ng at
5.91ng/ M) was thawed and desalted into 100nM phosphate buffer, pH 8.0

usi ng 10DG desalting colums (BioRad) (on: 3ml, off: 4ml). The
concentration was adjusted to 4ng/ nl using the sane buffer. b) 30ny

of the hapten-spacer conjugate of pr aration 57 was dissolved in 1.5m
DVBO (fi navere'sh It was thep gyaporatedyn vac t°ﬂ®E¥e geployrsss quay WRich Washisr ed by

washi ng t wlisgebédlorftd NES FEMMEDS, Trhetvaé eheh &Pém&f)grhbﬁemarpaat)gm@er
conj ugat e cont ai ning solutio This was then i ncubated at 2-8C on

SO e = eSima e pin BT A ELORCMEOH!NS HofaeiT. Therhomrog e ienscr

i ncubat i oerelévafbratdd ANVREHAtGRELDE tiBE oinpOlihd'@Sa 8flbiidest Gum, BIGmgMieldl | quot s
in separat%reactlon vessels, and stored in a cold roomfor 30 20 mns to

adj ust 9t h& énperature of the solution to 2-8C. Al future steps were
perfor méd at _2‘H8m/|R(400hgr6£)cd§bn)f&ﬁmlrrgﬂosl(msHﬁ%ﬁmtssﬁalm) Qr41Cﬁ513|AANS was
prepare 1.SSOolVln 1 N re | ONn vessel S were
Lot od 0 0 Hede-28 4 B 28581 (G2 4536 iy D), Tdoe L kBB of the
CRMLO7 al BApqd sHW8d 73d) s MImia324 €+ [ViaHY'iang 325 ainpatAli's of BAANS sol ution
(50ul, 100ul, 150ul, 225ul and 300ul) was added to the 5 x 2nl reaction

vessels, as indicated in table 2. The BAANS sol ution was added slowy
(drop-wi SEXAMRLES t h mi xi ng. f) The aliquots were reacted for 30m ns

at 2-8C on a rotatin at he. mn i ncubation, 5
B e br omoac EAMRIE] - Brbrevtenial perperationd Was SasBIzo 10 IREDR IR or honat e
/ bi car bonpicteib usihg thedblidvidg pricB@urdlAP25 (G bco) col urms (ON: 2mi, OFF: 3ml).
h) The TCEP gel un out fro t.en | e 280u1) of
e he o s o) 28 b A RSt 8 go e o BBy 228 SC pntiFe i o
gg?:rl\lmg; t bse (lfmpaebhé%b&%ﬁﬁ/si&aga%@émeﬁc)dm 6i|_anlasf3m9§6mﬁmeltm§redt .
S es e rea 1.0oNn Vv sel s [ cover (0] rotec e
Sont erlb s PiBpets, fnsspnsts Bukfed §aRe Wbt Ca SoMB ABP B pLiP risoouBRERs o on o
rotating pb atgfrwpmn per ml soju)uothm@cdselﬂwBséq/egdsmnﬁNn/\ars@eqsl@ﬂcmtw_ addi ng

0.5m NAC f 4ul h 1
vt o rhe ol e ARG corenaen driivesetatnd (b Wad SRy

pl a’:]f orm &sd usihg G@\éeﬂilt:L:anHefsallhg gﬂlullghQBbmad‘)Fgmbhﬁg’fﬁf)he DT was dhhn@g;ge\lll l?}lrfL
eacC reac % al t 1.nto u ecco S m X ,
oorr ) to BPRET Ty BRAe fir e Goilry WaR g ot Bl ErieRel § MRl eSy

t Ihr ouagh ad&e&ﬁnedrbgzgfé Brgédiofd hésay (Gﬂ&né%Bﬂtlarﬂﬁlde/reaQerguﬂ‘lb&ﬁ ChEnsie#t) asept i C
aliquots were stored at 280u st udy,. | ocatj

b o ® U5 Holhg Sefim AhbrrcRandat QR AP alngf Snd sk Rk diter ysoq™
for pr 0; eDPBSabigheta 41al sulutiohat Bnaglinbprdteiinedr®S. Coonmassi e Bril I i ant Bl ue
reagent assa

eRgEnt) s 3B o B WS BRERY  SoB B} BSE BY "re®
f or endot sxdcinytated diphthetiss toxgidt Thae l4AdL aaqamysf DFimBPB®,wa (ﬂifﬂ)ll‘pagi withpl e of
caC SR MRl e RSP 38 RO PO S LT Y B SR SRR, T ()
(hapt en | agithtidatarcehntemperatiiralibre3 b) It was noted that using this method, the end

product was not a clear solution. At the end of the 3 h reaction time, the aliquot was

applied to a gel filtration desalting column and eluted into DPBS, to remove unreacted

small molecule components. This increased the volume of the sample to 6ml total.

30 d) 28 mg of sulfo-N-hydroxysuccinimide (s-NHS), as a solid, were added to the

6ml succinylated DT aliquot, and s-NHS was allowed to dissolve by inverting the tube

and gentle mixing. Then 28 mg of 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide

hydrochloride (EDC) were added to the mixture, as a solid, and allowed to dissolve by

inverting the tube and gentle mixing. The reaction mixture (succinylatedDT/EDC/s-NHS)
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Table 3 Table 4 CRML97- preparation 57 cond.11. 76 CRML97- preparation 57
cond. 21. 79 CRML97- preparation 57 cond.31.73 CRML97- preparation 57

cond. 41. SYOCRMLBT807pr epar ati on 57 cond. 51. 63 Table 5 PCT/IBXA V328461 1.
BALB/c mce (Charles River, Mntreal, QC.) (n = 12 per group) were

I mmuni zed with 10 pg of the conjugates of exanples 1 to 4 by intra-nuscul ar
73 injection (on days 0, 28, 42) in the presence of alum nium hydroxide
(al um Al hydrogel 85: 40 pg Al 3+) and 50 pg CpG 24555. Anti-nicotine 1gG
antibody levels in plasma were neasured by ELISA as described above. The
results are shown in Fi %re 1, framwhich_ it can be seen that a strong

anti- 5 nhediicHeated A 1oAY ePpeiedor 10 i, 3991@@”’?%?3%%!&{%0'9%@8%{6% ugat e,

4 weeks ahbsle Wwére aaaemhﬁtgthlerrb@&bh QﬂxtuV&W@éTbﬂ'éf@F%ﬂﬂé@uslﬁg alridk Beahixor
i ncreased 2 we %ks after each of th rst and second boosting '”J ections.

Exanpl e 12. BAENE MKYES Was feaft?dﬁgfr?’ @r‘bﬁmthxﬂéf“ée agtialan 2r@ type ol &@abg of the
conj ugat eﬁ)o@:‘f teﬂip%i’ﬁfth@SAtlthb(éné ob¥hel rah Etm Mnses tHeddli uau\ﬁa‘stame& fha galy's 0, 28

42) |nthf: resence of al umni mhg, X|deF§Ium tgpydr an]} ?

Al 3+) &ndiggt %Bd%a@ns&slymn Wu%ﬁ‘t?a"lt?nﬁb Ve 4NEEFe 33 e "‘ou

tlh ne- poi n%@npar’feea_tsw{jm&t wrelkaeftﬂheggrdn%m?@soﬁjagatttéleamplawetnu tvtalo?rhi@fa @MmoNi um
I OCyanate requlre 0O elu 0 |-n|c0|n | es rom

N cot | ao. baledis 8" gpihepzbied uaBY NG oo i e Wl ndre € own i n

Fi gurg 2, agf,;gram;\migzgrmt can F\e seen ghat t he aEtl b?dl es ﬁS in m ce by the

teste conjug es. ex Jt a | avi dl t s after the n

eTheti oo 9% Ring Shoving;spoin BIbumitteadart, 1S FA conlyGtte mas ANANARS ke 1 1 st

and sqoonﬁrdwgabnteﬂ USoﬂig&ﬁé B]?dt?%rd@%i’q& @oc%ﬁassmf ight B}&&eﬁ@bn’-ﬁ) éissay? randr oup)

were | nmu e . 0 canj u e 0 exa es

't o s e T 0BRGN Cetminey S5 S BRI Il ok Re S EYRRR oot

2I ugw ni UEhﬁp’cfdlﬁ mcbdﬁra(tilahlmmng%élwd'éﬂﬁléﬂ.s;f&tro%ppgw e 256)— zamdwrﬁeegm CpG 24555.
{ weeks after the.l ast 00st oti ne econtalnlng

A A R I e e PSR TR  rt RE

f:ol I Iect egstgfjg@ aitibbaiesorved ﬁllél@gfoﬁ%@dxpafélmambﬂﬁé l’rh&tl\)wtb?olg a The ednju@enddt he
evels O uant as 10.0 eterm as

heecr Boqwanalt nabertby 808 HASE BllelaSSBnd B pRadon FafSiriame e an be

seen t hat LAhasgdyaFinaliy)aaioo ugaéalncpl@ﬁf thbeoﬁjegét@d:aswyum@b@snd anaysyml ficantly
greater than tha f con that .t he anti bodi es

I oced bysine vetelansat HAD A0 Belniieha Bhbe A Bablnt sieprhoriti PRy o

sequest er prbtéin GldcOR. iThetHaptehl -0DT canjdgate aesio@tl toinaoe o dapehalser protem t he
brai n. 30ExarTr1r)\Ie 14. BALB/c mice (n = 12 per group) were I munized with 10
pg of themonome

20 g) Finally the sample was sterile filtered through a 0.22 ym syringe filter and
aseptically subdivided into 0.5 ml aliquots. These aseptic aliquots were stored at -80 °C
until shipping to the study location on dry ice.

Example 2. The hapten of preparation 12 was coupled to diphtheria toxoid
protein using the general procedure described above for example 1, with the following

25 changes: in step d), 186 pl of the hapten solution were added to the reaction mixture;
and in step f), the final concentration was determined as 3.3 mg/ml, and the hapten —
DT conjugate was found to have 13 haptens per protein monomer.

Example 3. The hapten of preparation 7 was coupled to diphtheria toxoid
protein using the general procedure described above for example 1, with the following

30 changes in stepsc, e andf.

In step c), a 3 ml portion of the aliquot was applied to a gel filtration desalting
column and eluted into DPBS, to remove unreacted small molecule components,
whereby the volume of the purified sample was increased to 4ml total; step d) was

performed as follows: 80 ul of the hapten solution were added to the 4ml succinylated
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conjugates of exanples 1 to 4 by intra-nuscular injection (on days 0, 28,
42) in the presence of alum nium hydroxide (alum Al hydrogel-85: 40 pg

Al 3+) andwbQopglsBeG 24555. At 2 weeks afterthe second becstuB0inveasct i on of
anti-nicotine antibodies with nicotine was denonstrated by conpetition

ELI SA as descri bed above. The results are shown in Figure 4, from
which it can be seen that the anti bodies induced by the tested conjugates
recogni ze and bind to nicotine. Exanpl e 15. BALB/c mice (n = 12 per
group) were imunized with 10 pg of the conjugates of exanples 1 and 2 by
intra- nuscular |n ection (on d%ys 0,28 in the 5 esence of al um ni um
hydr oxi deP{aligrRt %@&?'B%j’egfnﬁﬁt K- J@em %Brﬁ‘géﬁa“'ﬁb”ﬂyd%é@@&%@' de f§- 2 weeks

af ter thensisyWeek Aduesitto tHeixER6 dsfad Solidy akd alRiedt6 disebIvé By anbmhgrﬂrées to
ni cotine, cotinine, acetzl chaol ine and varenicline was determ ned by

conpetiti BibeEnd ganile, Fipaly. 2889 1ilyiRdSulimethyiaminareRy)i n Fi gure 5,

from whi caambdumae hwrserﬂdsrudeh(ebd)nﬁarreawedatodmﬁnxtdred@so@e@lnnbnd Blidwaidttoon of
bi ndi n of g{g nj cotine ang (?I es to nicotine-coated ELI SA plates as
of dig \é"db ¢ AL

armunt hinvetipg the gertlegnixiignever, no such effect is observed
with var eni cl r|netepcs)tuhermﬂﬂufywa§|%¢deeh@42 R&he vadmeaﬁtrregcdnh@tatetéw;ﬂ@ti bodi es
indnced b% the tes ed c (g%g{ es are s eC|%g§ﬁ@or ni c tlne and not for

coti ni ne, 93#’@@%? 6 gyl tofd ?S‘?TE'HB?’? [Rd t P@‘ﬁ%“ BACRRcEnAted (n = 12
per grouplsikgn ek MIWﬂJﬂ)lcéﬁlﬂlfuyatLmtréﬂtew(mﬂlpér’éﬁocéﬁ?idmlies l.exanpl e 5 by

i ntra-nuscul ar |n t|o on da}/ , 28, 45% (ﬁg Jg resence OE al um ni um
hydr oxi de (al LJPF[S @?fg ReentrgiPn e Sflefeyninediagd4 /@Z@“M@% apten —

AntrOI HbCogﬁgﬁnﬁrgéﬂemgohrﬁd/@rﬁavlé?ﬂl‘ﬁ*adt@'ﬁ)pdrprdﬂélﬁmowe rreasgreddbg FLI SA
as descri be ove ults are shqown i e n rom
ohi oRorT oo XA A, [ThE ReRp preerasioy Bave Coplettp SBTier i T asponse | s
obt ai ned, pfotdin eeiﬁ@tﬁeegdreebl pRitietgrldescrbedeplose ai‘rteeémbleer Wthmhdr@ucmmgctl on,

whi ch res onse | crease wee af t 0 rnDre Ievels

of anti- Slop D kparbrmed B8 qlons: 47 111 e ot SOMPD e 89St Progi os

\2/ gr yhdeﬁeﬂ@relm snacuﬁ)naeerowiqdot ITheafifliuté Was strtdd iy Sath @OVgrtegatThen rzef]ul t in
I gher pl_as In ratlos. t n contr animal s, 1.ndicat]ng that

oo Dl gt SRR et aigh (o Dl wein i, Aoa FaId snt Alowe for: he- bl ood

and plr ev ea%sd;h‘/e By &k tHatube bh@gentteOmRrrgr Faidlly 28 ieont1-éth@B-(32 cont r ol

anl nal s

) e 17 G e |.mruni zed th 10
ot he e R aropy ) e Boinadehiimeronsh (ERED Siend adfiod MRS e | on
g‘laﬁsdo, 28 solﬂcz)azg Iallé\b@i tamussbneequmeraﬁngethu muma%nmd:ndé amkinly analinigtep f)b g

roge.l- . + nt.i | CO ne antj bo
Cevel st Beail eapBitrAtn Mn el bschy 6 By Be Aoy~ B TVEREEY ter t he
| ast bOOSWasﬁidnﬂlt@havmegBﬁaﬂl‘éﬁgbk@rﬁieoﬁﬁ\bmaont aining 3 pG 3Hnic) was

er e por f used EXUREPIB B THS nplel sParesaiodaRa oHLoREEre oAt BHATAAY B cd and

t he %:hanaeWere d:cmp&%dsto@iphaiéneed»aﬁd petdinas aedoribed Mtheethotbselslet er m ned as
descri bed abovas e results, are shown i.n F| res. 12 coti ne

anti body | evel®) Nglgres- %P%Wﬁ?alé’gﬂ?sr“&/%@awﬁd SWﬂAﬁf‘gI(‘?qr? t°be seen
that an i 81Gnmtirtae daystuses(fér uplid ahe adek flomget stiladecwisst -207G)U Jatsail wdsi ch

and R oSS L difroBor B PpRES PURen SehChtrot Chay MGt i ey

addi ti on, hagten perstbsblution] Thatresultvessid yellow-browe suspemeion opboldtibrni cot i ne

i he b - ir d b
Mo ced pbrepaliBh Sl o dhsoRE 110 BoTRe] waldl Brirs Wi e fikoyRaRe
pr evelnt i 50% migthara to arfimallmbamemtrtaﬂoraoﬂzsghgatamen@pbwtcohjugaterpermbsblutwn
anl nal s

S g of DREPRBS i alGuge! Batebliatl drtierR e T wat Gt o <o

I nj ect3o onadosiog geDiltran d@)&ltmg\célbmntbﬂMd)ﬁthefbuﬁénnﬂthm DMwagdhangete (al um

Al hydr oge 3+ n ni.cot i n Ab | evels
" b1 aeraidPEs a8 Bele i B4 colimf a5 4r8 spDan Apar ARt a8,
3Hnicoti dete(rﬂin%bgtﬁegaradiom amyc(@odsraasmewanlﬂarpelue’a’rldagem) Piess (Hdmml)st er ed
by iv injecti ed. the an mal s re fused. . the brains
wre remoyghe SBiRe RELLSRMEP R ke AR B IR Do G o
3H r el at i DPBSdo giveta 2rhl swhitivalas 5 wegmtproteinrin@PB&s descri bed above. The
results are shown in Figures 14 (anti-nicotine antibody |evels) and 15 20
(%€hange in levels of 3H) fromwhich iggcan be seen that an i mune response
is obtained, for each tested conjugate, which response increased with
hapten | oadi ng. In




addition, all tested conjugates result in |ower |levels of 3Hnicotine
entering the brain than in control animals, indicating that antibodies

i nduced byotests@Boconj ugat es can sequester nicotine in Ph@/abtoovosand
prevent it's uptake into brain to a greater extent than 25in control

ani mal s. Exanpl e 19. BALB/c mce (n = 10 per group) were inmmunized
with 10 pg of the conjugate of Exanple 7by intra-muscular injection in the
presence of al um ni um hydroxi de (alum Al hydrogel-85: 40 pg Al 3+) and 10 pg
CpG 24555, or in the presence of | SCOVATRI X (I MX; 0.1 to 3.0 Units).
Anti-nicotine 1.gG Ab, | evels in |‘|ol asma were 30 neasured by ELI SA (day 21 and
28), and avi di®y Nis2lIAKPHBDT WS ERFied withisuceinic gnbydride do erggtta MediFdur es 16

and 17 fr ghiscMylatdd dibhthaia RRoide The i bliqubt oDV IEDPBSRRRS®mMbifed wite! s and
avidity) is obtained with the use of G 24555 and al um ni.um hydr oxi de as

conbi nat i 684 &peRRanhysiridgas @ solh@pEpECRd 28 atype rollg IaRIAYIde gaftien r esponse
i( BC(r) gas ;egagi'ta;tibn tbﬁ@@?ﬂ%ﬁdtpéréﬂ@&eorss Hﬁé;rééllﬁWaBQl;éted&ﬁ& usiﬂmﬁis?ﬁéth%ﬂ] gh@!lshvdwi cotine
. | COtUI ne contal nin | C), WasS adim nj stef ea,,
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quant i fi edpglied 19 gepMeationdeshling 661umAint kIR BREShbatmavé Bhidhitég t O
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30 g) Finally the sample was sterile filtered through a 0.22 ym syringe filter and

aseptically subdivided into 1.0 ml aliquots. These aseptic aliquots were stored at -80°C

until shipping to the study location on dry ice.
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were conbi ned and the pH of the m xture was checked. For sanples nunber 10
and 18, the pH was further adjusted using 1 N NaCH to bring the pHto
approximately 7.5. Lastly, EDC was added to the sanples. Each reaction tube
was briefly vortexed and incubated at 15C in a water bath for 18 hrs.

k) After 18 hours of incubation, sanﬁ?@@’here buf fer exchanged usi ng Am con

15 ultra cen g Ve cut of f
The buffer u H 7.0
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each of the ZQ Goni %. : a|l:1 (vql ) ratfi o. bsequent |y,
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stored at 4C {8 r : - 120C for d0ng terim stgphage. | Table 6
WO 2011/ 1518 DEinepifiorb e RIS 1200 Ladda s ol an 2 9% 100 428
3000 3.0 18. PpT4pkentpht&brdSitation 27 2.22 16
DT-hapten-spacer preparation 28 1.91 16
DT-hapten-spacer preparation 29 1.60 19
DT-hapten-spacer preparation 30 1.81 14
DT-hapten-spacer preparation 31 218 15
DT-hapten-spacer preparation 32 1.62 15
DT-hapten-spacer preparation 33 1.51 11
DT-hapten-spacer preparation 34 1.78 14
Table 2
DT-hapten-spacer preparation 46 1.39 3.6
DT-hapten-spacer preparation 47 1.56 23.6
DT-hapten-spacer preparation 48 1.43 22.8
DT-hapten-spacer preparation 49 1.41 19.2
DT-hapten-spacer preparation 50 1.58 19.7
DT-hapten-spacer preparation 51 1.48 14.2
DT-hapten-spacer preparation 52 1.57 11
DT-hapten-spacer preparation 53 1.60 12.1
DT-hapten-spacer preparation 54 1.89 29.3
DT-hapten-spacer preparation 55 1.32 12.6
DT-hapten-spacer preparation 56 1.45 20.9
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Example 6. Haptens with a reactive amine group can also be conjugated to
diphtheria toxoid without the addition of succinic anhydride. An example of the hapten
of preparation 12 conjugated to diphtheria toxoid is detailed below, but this can also be
performed with preparations 4, 7, 8, 24-34 and 46-56.

5 a) The hapten was obtained as a yellow oil and stored at 2 to 8 °C until the day of
use (for up to one week, longer storage was at -20°C). This oil was dissolved in
Dulbeccos’ Phosphate Buffered Saline without Ca or Mg (DPBS) at 50 mg hapten per
ml solution. The result was a yellow-brown suspension or solution.

b) Separately, an aliquot of concentrated diphtheria toxoid (DT) was obtained

10  and using a gel filtration desalting column (Bio-Rad), the buffer of the DT was changed
to DPBS. The eluate from the column was a 4ml solution at approximately 11 mg/ml as
determined by the Bradford assay (Coomassie Brilliant Blue reagent, Pierce Chemical)
using a bovine serum albumin standard curve. An aliquot of this was diluted with further
DPBS to give a 2ml solution at 5 mg/ml protein in DPBS.

15 ¢) 9 mg of sulfo-N-hydroxysuccinimide (s-NHS), as a solid, were added to the
2ml DT aliquot, and the s-NHS was allowed to dissolve by inverting the tube and gentle
mixing. Then 9 mg of 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride
(EDC) were added to the mixture, as a solid, and allowed to dissolve by inverting the
tube and gentle mixing. 50 pl of the hapten solution prepared above were added to the

20 reaction mixture (DT/EDC/s-NHS). At this stage the pH was adjusted down to pH 5.6
with dropwise addition of 1M HCI.

d) The mixture was reacted for 3 to 4 hours with gentle agitation, on a tube roller,
at room temperature. At the end of the reaction time, the aliquot was applied to a gel
filtration desalting column and eluted into DPBS, to remove unreacted small molecule

25 components. This increased the volume of the conjugate sample to 3ml total.

e) Using a bovine serum albumin standard, the final conjugate was analysed for
protein content using the Bradford (Pierce Coomassie Brilliant Blue reagent) assay, and
the final concentration determined as 3.01 mg/ml. The conjugate was analysed for
hapten incorporation using ultraviolet spectroscopy in the 280 nm region versus an

30 unconjugated control normalised for protein content, and was found to more strongly
antibodiesorb in this region compared with the native toxoid. The conjugate was also
analysed by SDS-PAGE electrophoresis and for endotoxin content using the LAL assay.

Finally, a 100 ug sample of the conjugate was hydrolysed and analysed using reversed-
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phase HPLC to determine the number of haptens incorporated per protein molecule.
The hapten — DT conjugate was found to have 11.6 haptens per protein monomer

g) Finally the sample was sterile filtered through a 0.22 ym syringe filter and

aseptically subdivided into 1.0 ml aliquots. These aseptic aliquots were stored at -80 °C
5 until shipping to the study location on dry ice.

Example 7. Preparation 12 can also be coupled to CRM1g7, as well as to
diphtheria toxoid. An example of such as conjugation is given below. Although not
shown, the same process can also be applied to other amine containing haptens such
as 4,7, 8, 24-34 and 46-56.

10 a) The hapten from preparation 12, was obtained as a yellow oil and stored at -
20°C. This oil was dissolved in Dulbeccos’ Phosphate Buffered Saline without Ca or Mg
(DPBS) at 50 mg hapten per ml solution. The result was a yellow-brown suspension or
solution.

b) Separately, a 20 ml aliquot of concentrated CRMg7 (5.91 mg/ml) was thawed

15 from -80°C to 2-8°C. An 8.62 ml aliquot of thawed material was taken and diluted with
1.38 ml of DPBS to give a 10ml solution at 5 mg/ml protein in DPBS.

c) 500 pl of the hapten solution prepared above was added to the 10ml CRMg7
solution, this was added slowly and dropwise then left to react on a tube roller for 5
mins.

20 d) After this time, 90 mg of sulfo-N-hydroxysuccinimide (s-NHS) as a solid, was
then added to the 10ml CRM,g7 solution. The s-NHS was allowed to dissolve by
inverting the tube with gentle mixing. The solution was then left to react on a tube roller
for 5mins.

e) After 5 mins, 90 mg of 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide

25 hydrochloride (EDC) was added to the CRM+g7 solution, again as a solid, and this was
allowed to dissolve by inverting the tube with gentle mixing. At this stage the pH was
adjusted down to pH 5.6 with dropwise addition of 1M HCI.

f) The reaction mixture was then transferred to a cold room (2-8°C), and left to
react on a tube roller for 6 hours.

30 g) At the end of the reaction time the sample was desalted into dPBS using 5 x
NAP25 columns to remove excess un-reacted reagents (ON: 2ml, OFF: 3ml). The final
volume was increased to 15ml.

h) Using a bovine serum albumin standard, the final conjugate was analysed for

protein content using the Bradford (Pierce Coomassie Brilliant Blue reagent) assay, and
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the final concentration determined as 2.88 mg/ml. The conjugate was analysed for
hapten incorporation using ultraviolet spectroscopy in the 280 nm region versus an
unconjugated control normalised for protein content, and was found to more strongly
antibodiesorb in this region compared with the native toxoid. The conjugate was also
5 analysed by SDS-PAGE electrophoresis and for endotoxin content using the LAL assay.
Finally, a 100 ug sample of the conjugate was hydrolysed and analysed using reversed-
phase HPLC to determine the number of haptens incorporated per protein molecule.
The hapten — CRM4g7 conjugate was found to have 8.0 haptens per protein monomer
i) Finally the sample was sterile filtered through a 0.22 ym syringe filter and

10  aseptically subdivided into 1.0 ml aliquots. These aseptic aliquots were stored at -80 °C
until shipping to the study location on dry ice.

Example 8. It was found that by increasing the sNHS/EDC concentration of the
reaction mix, the amount of hapten loaded onto the carrier protein could be controlled.
An example of a conjugation of preparation 7 to diphtheria toxoid is shown below. The

15 method is as described for example 6 with the following changes in steps ¢ and e.

In step c): at this stage the amount of sulfo-N-hydroxysuccinimide (s-NHS) and 1-
ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride (EDC) added to the 2ml
aliquot of desalted DT can be varied. In this experiment, 9 mg of sSNHS and EDC was
added to one aliquot (this is referred to as condition 2) and 36mg of sNHS and EDC

20 was added to another aliquot (this is referred to as condition 4). The samples were not
pH adjusted down to pH 5.6 with dropwise addition of 1M HCI.

In step €): for the conjugate made using condition 2, the final concentration was
determined as 3.14 mg/ml, and the hapten — DT conjugate was found to have 8.3
haptens per protein monomer. For the conjugate made using condition 4, the final

25 concentration was determined as 2.46 mg/ml, and the hapten — DT conjugate was
found to have 13.2 haptens per protein monomer.

Example 9. Preparation of thiolated hapten-spacer conjugates onto CRMg7 and
formalin inactivated Diphtheria Toxoid (DT) via bromoacetic acid N-hydroxysuccinimide
ester (BAANS) conjugation chemistry.

30 a) 3ml of CRMyg7 (17.73mg at 5.91mg/ml) and 3ml of DT (24mg at 8mg/ml) were
thawed and desalted into 100mM Phosphate buffer, pH 8.0, using 10DG desalting
columns (Pierce) (on: 3ml, off: 4ml). The concentration was adjusted to 4mg/ml using

the same buffer.
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b) A 1ml aliquot of the desalted CRM1g7 and DT samples was taken and cooled
to 2-8 °C.

¢) 20mg of the hapten-spacer conjugate of preparation 57 was dissolved in
300ul DMSO and 700ul dPBS to a final concentration of 20mg/ml.

5 d) 500ul (10mg) of the hapten-spacer conjugate solution was added to 500ul of
prewashed TCEP ((tris(2-carboxyethyl)phosphine)) gel (Pierce) and incubated for 3
hours with agitation at room temperature. The remaining hapten solution was frozen at -
20°C for long term storage.

e) 90 minutes into step (d), 10mg of BAANS (Sigma) was dissolved in 500ul

10 DMSO to a final concentration of 20mg/ml.

f) 1.5mg (75ul) of BAANS was added to 1ml of DT/CRM4g7, slowly and dropwise
(at 4mg/ml). It was reacted for 90 mins at <11°C. (0.375mg BAANS added per mg
CRMyg7/DT).

g) After 90mins, still operating at <11°C, the bromoacetylated CRM197/DT was

15 desalted into cold 100mM sodium carbonate/bicarbonate buffer, pH 9.1, using a NAP10
column (1ml on, 1.5ml off).

h) The hapten-spacer conjugate was aspirated from the TCEP gel, and 250ul
(5mg) of the hapten-spacer conjugate was added into both activated CRMg7/DT
samples, again slowly and dropwise, with mixing to prevent concentration gradients

20 from forming.

i) After the hapten-spacer conjugate was added, the pH was checked and
adjusted to 9.1 with dropwise addition of 0.1M NaOH/HCI if required.

j) The reaction mixture was kept in the antibodiesence of light, with mixing, for
18 hours.

25 k) Atfter this time, 2ul N-acetyl cysteamine (NAC) was added to each reaction
mixture and reacted, again in antibodiesence of light, for 3 hours with agitation (0.5ml
per g CRMyg7/DT).

I) After reaction, it was desalted into Dulbecco’s PBS using a 10DG desalting
column (BioRad) (3ml on, 4ml off).

30 m) Finally the sample was sterile filtered through a 0.22 ym syringe filter and
aseptically aliquoted. These aseptic aliquots were stored at 2-8°C until shipping to the
study location.

n) Using a bovine serum albumin standard, the final conjugate was analysed for

protein content using the Bradford (Pierce Coomassie Brilliant Blue reagent) assay and
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ow aquCt S Zc(gT’? r?ml 'FCIZP gel (Pierce) was prepared by washing twice in dulbecco’s PBS,
before 1.5ml of the hapten-spacer conjugate containing solution was added. This was
then incubated at 2-8°C on a rotating platform for 2 hours.
d) After 1 hour of the TCEP incubation, 10 ml of 4mg/ml CRMyg7 solution was
split into 5 x 2ml aliquots in separate reaction vessels, and stored in a cold room for 30
20 mins to adjust the temperature of the solution to 2-8°C. All future steps were performed
at2-8°C
e) Atthe same time, a stock solution of BAANS was prepared by dissolving
20mg BAANS in 1mI DMSO. The 5 reaction vessels were labelled as either condition 1,
2, 3, 4 or 5. After the temperature of the CRM,g7 aliquots was adjusted to 2-8°C, varying
25 amounts of BAANS solution (50ul, 100ul, 150ul, 225ul and 300ul) was added to the 5 x
2ml reaction vessels, as indicated in table 2. The BAANS solution was added slowly
(drop-wise) and with mixing.
f) The aliquots were reacted for 30mins at 2-8°C on a rotating platform.
g) After the 30 min incubation, 5 x 2ml bromoacetylated CRM;g7 was desalted
30 into 100mM sodium carbonate /bicarbonate buffer pH 9.1 using NAP25 (Gibco) columns
(ON: 2ml, OFF: 3ml).
h) The TCEP gel was spun out from the hapten samples and 5.6mg (280ul) of

the hapten-spacer conjugate was added (slowly, dropwise) with mixing, to each of the
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desalted bromoacetylated CRM197 samples. The reaction vessels were covered in foil,
to protect the contents from light.

i) The mixtures were reacted for 18 hours on a rotating platform

j} Unreacted BrAc groups were quenched by adding 0.5ml NAC per g CRMyg7
(therefore 4ul per reaction) to the reaction mixture. The mixture was allowed to react for
3 hours on a rotating platform (still covered in foil to protect from light)

k) Finally, each reaction was desalted into dulbecco’s PBS using DG10 columns
(ON:3ml, OFF: 4ml). Final volume was 4mi.

I) The samples were sterile filtered through a 0.22 ym syringe filter and
aseptically aliquoted. These aseptic aliquots were stored at 2-8°C until shipping to the
study location.

m) Using a bovine serum albumin standard, the final conjugates were analysed
for protein content using the Bradford (Pierce Coomassie Brilliant Blue reagent) assay
and the final concentration was determined as shown in Table 3. The conjugates were
also analysed by SDS-PAGE electrophoresis, and for endotoxin content, using the LAL
assay. Finally, a 450 pg sample of each conjugate was hydrolysed and analysed using
reversed-phase HPLC (N=3) to determine the number of haptens incorporated per

protein molecule (hapten load data shown in table 5).

Table 3

CRMyg7- preparation 57 cond.1 8 1 50ul 30
CRMyg7- preparation 57 cond.2 8 2 100ul 60
CRMyg7- preparation 57 cond.3 8 3 150ul 90
CRMg7- preparation 57 cond.4 8 4.5 225ul 135
CRMg7- preparation 57 cond.5 8 6 300ul 180
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Table 4
CRM;g7- preparation 57 cond.1 1.76
CRMyg7- preparation 87 cond.2 1.79
CRMyo7- preparation 57 cond.3 1.73
CRM;g7- preparation 57 cond.4 1.57
CRMyg7- preparation 57 cond.5 1.63
Table 5
1 6.1 ND 6.1
CRMjg7-
preparation 57 2 8.5 ND 85 6.7
cond.1
3 55 ND 55
1 7.8 ND 7.8
CRM1g7-
preparation 57 2 10.8 ND 10.8 9.1
cond.2
3 8.7 ND 8.7
1 9.1 ND 9.1
CRM197'
preparation 57 2 12.5 ND 12.5 11.9
cond.3
3 14 ND 14
1 12.5 ND 12.5
CRMgr-
preparation 57 2 16.8 ND 16.8 14.5
cond.4
3 14.2 ND 14.2
1 12.2 ND 12.2
CRMg7-
preparation 57 2 15.5 ND 16.5 15.1
cond.5
3 17.6 ND 17.6

Example 11. BALB/c mice (Charles River, Montreal, QC.) (n = 12 per group)

were immunized with 10 pg of the conjugates of examples 1 to 4 by intra-muscular
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injection (on days 0, 28, 42) in the presence of aluminium hydroxide (alum; Alhydrogel-
85: 40 ug A**) and 50 ug CpG 24555. Anti-nicotine IgG antibody levels in plasma were
measured by ELISA as described above.

The results are shown in Figure 1, from which it can be seen that a strong anti-
nicotine antibody response is obtained, for each tested conjugate, 4 weeks after the
priming injection, which response is sustained or increased 2 weeks after each of the
first and second boosting injections.

Example 12. BALB/c mice (n = 12 per group) were immunized with 10 ug of the
conjugates of examples 1 to 4 by intra-muscular injection (on days 0, 28, 42) in the
presence of aluminium hydroxide (alum; Alhydrogel-85: 40 ug AI**) and 50 pug CpG
24555. Avidity indexes were calculated at various time-points. The Avidity Index
corresponds to the concentration of ammonium thiocyanate required to elute 50% of
anti-nicotine antibodies from Nicotine-BSA coated plates as described above.

The results are shown in Figure 2, from which it can be seen that the antibodies
in mice by the tested conjugates exhibit a high avidity 4 weeks after the priming
injection, which is sustained or increased 2 weeks after each of the first and second
boosting injections.

Example 13. BALB/c mice (n = 6 per group) were immunized with 10 pg of the
conjugates of examples 1 to 4 by intra-muscular injection (on days 0, 28, 42) in the
presence of aluminium hydroxide (alum; Alhydrogel-85: 40 ug Al **) and 50 ug CpG
24555, At 2 weeks after the last boost, *H-nicotine (0.05mg/kg nicotine containing 3 pCi
3H-nic) was administered by intravenous injection, blood was collected, the animals
were perfused, the brains were removed, and the levels of ®H quantified and the
brain/plasma ratio of °H determined as described above.

The results are shown in Figure 3, from which it can be seen that the
plasma/brain ratio of the tested conjugates is significantly greater than that of control
animals, indicating that the antibodies induced by the tested conjugates are specific for
nicotine and have sequestered nicotine in the blood and prevented nicotine uptake into
the brain.

Example 14. BALB/c mice (n = 12 per group) were immunized with 10 ug of the
conjugates of examples 1 to 4 by intra-muscular injection (on days 0, 28, 42) in the
presence of aluminium hydroxide (alum; Alhydrogel-85: 40 ug AI**) and 50 pug CpG
24555, At 2 weeks afterthe second boost, interaction of anti-nicotine antibodies with

nicotine was demonstrated by competition ELISA as described above.
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The results are shown in Figure 4, from which it can be seen that the antibodies
induced by the tested conjugates recognize and bind to nicotine.

Example 15. BALB/c mice (n = 12 per group) were immunized with 10 pg of the
conjugates of examples 1 and 2 by intra-muscular injection (on days 0, 28, 42) in the
presence of aluminium hydroxide (alum; Alhydrogel-85: 40 ug AI**) and 50 pug CpG
24555. At 2 weeks after the second boost, the specificity of anti-nicotine antibodies to
nicotine, cotinine, acetylcholine and varenicline was determined by competition ELISA
as described above.

The results are shown in Figure 5, from which it can be seen that there is a dose-
dependent inhibition of binding of anti-nicotine antibodies to nicotine-coated ELISA
plates as amount of added nicotine is increased. However, no such effect is observed
with varenicline, cotinine or acetylcholine, indicating that the antibodies induced by the
tested conjugates are specific for nicotine and not for cotinine, varenicline or
acetylcholine.

Example 16. BALB/c mice (n = 12 per group) were immunized with 10 ug of the
conjugates of example 5 by intra-muscular injection (on days 0, 28, 42) in the presence
of aluminium hydroxide (alum; Alhydrogel-85: 40 pg AI**) and 50 pg CpG 24555. Anti-
nicotine antibody levels (total IgG) in plasma were measured by ELISA as described
above.

The results are shown in Figures 6, 7, 8 and 9 from which it can be seen that an
very strong anti-nicotine antibody response is obtained, for each tested conjugate, 4
weeks after the priming injection, which response is increased 2 weeks after boost.
Furthermore, both levels of anti-nicotine antibodies as well as avidity of anti-nicotine
antibodies vary depending on spacer used. In addition, all tested conjugates result in
higher plasma/brain ratios than in control animals, indicating that antibodies induced by
tested conjugates can sequester nicotine in the blood and prevent it's uptake into brain
to a greater extent than in control animals.

Example 17. BALB/c mice (n = 12 per group) were immunized with 10 ug of the
conjugates of Example 6 and 7 by intra-muscular injection (on days 0, 28, 42) in the
presence of aluminium hydroxide (alum; Alhydrogel-85: 40 ug AI**) and 50 pug CpG
24555. Anti-nicotine antibody levels (total IgG) in plasma were measured by ELISA . At
2 weeks after the last boost, *H-nicotine (0.05mg/kg nicotine containing 3 pCi ®H-nic)

was administered by intravenous injection, blood was collected, the animals were
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perfused, the brains were removed, and the levels of °H quantified and the %change in
levels of °H relative to control animals was determined as described above.

The results are shown in Figures 12 (anti-nicotine antibody levels) and 13
(%change in levels of °H) from which it can be seen that an immune response is
obtained, for each tested conjugate, which response increased in a dose dependent
manner. This indicates that both DT and CRM;g7 are suitable carriers for the nicotine-
derived haptens. In addition, all tested conjugates result in lower levels of *H-nicotine
entering the brain than in control animals, indicating that antibodies induced by tested
conjugates can sequester nicotine in the blood and prevent it's uptake into brain to a
greater extent than in control animals.

Example 18. BALB/c mice (n = 12 per group) were immunized with 10 ug of the
conjugates of Example 6, 7 and 8 by intra-muscular injection (on days 0, 28, 42) in the
presence of aluminium hydroxide (alum; Alhydrogel-85: 40 ug AI**) and 50 pug CpG
24555. Anti-nicotine IgG Ab levels in plasma were measured by ELISA . At 2 weeks
after the last boost, *H-nicotine (0.05mg/kg nicotine containing 3 pCi ®H-nic) was
administered by iv injection, blood was collected, the animals were perfused, the brains
were removed, and the levels of °H quantified and the %change in levels of %H relative
to control animals was determined as described above.

The results are shown in Figures 14 (anti-nicotine antibody levels) and 15
(%change in levels of °H) from which it can be seen that an immune response is
obtained, for each tested conjugate, which response increased with hapten loading. In
addition, all tested conjugates result in lower levels of 3H-nicotine entering the brain
than in control animals, indicating that antibodies induced by tested conjugates can
sequester nicotine in the blood and prevent it's uptake into brain to a greater extent than
in control animals.

Example 19. BALB/c mice (n = 10 per group) were immunized with 10 ug of the
conjugate of Example 7by intra-muscular injection in the presence of aluminium
hydroxide (alum; Alhydrogel-85: 40 ug APP*) and 10 pug CpG 24555, or in the presence
of ISCOMATRIX (IMX; 0.1 to 3.0 Units). Anti-nicotine IgG Ab levels in plasma were
measured by ELISA (day 21 and 28), and avidity by inhibition ELISA. The results are
shown in Figures 16 and 17 from which it can be seen that an immune response (Ab
levels and avidity) is obtained with the use of CpG 24555 and aluminium hydroxide as
combination adjuvant, or with ISCOMATRIX as sole adjuvant, which response
increased with ISCOMATRIX dose.

76



12.8 0.0 0.0 100.0 0.0 9 4.8 12.7 0.0 0.0 100.0 0.0 10 5.4 30.5 10.2 9.2
72.1 8.5 11 6.7 6.8 1.6 6.3 84.8 7.3
WO 2011/151807 PCT/IB2011/052446

At 1 wk post 2nd immunization, *H-nicotine (0.05mg/kg nicotine containing 3 pCi
3H-nic) was administered by |V injection, blood collected, animals perfused, brains
removed, levels of ®H quantified and % change in 3H-nicotine in blood and brains
relative to control animals was determined. Results are shown in Figure 18 from which it

5 can be seen that the use of CpG 24555 and aluminum hydroxide as combination
adjuvants or ISCOMATRIX as sole adjuvant result in lower levels of *H-nicotine entering
the brain than in control animals, indicating that antibodies induced by tested conjugates
can sequester nicotine in the blood and prevent it's uptake into brain to a greater extent
than in unimmunized control animals.

10 Example 20. The samples described in Table 6 below were prepared as follows.

a) Frozen CRM4g7 (200 ml at 5.9 mg/ml) was thawed overnight at 4°C.

b) Once thawed, the CRM4g7 was concentrated from 200 ml to 100 ml by
ultrafiltration (UF) using a Kvick Start polyethersulfone (PES) membrane with a 10 kD
molecular weight cutoff.

15 ¢) The concentrated CRMg7 was diafiltered (DF) 8 TOVs (turn over volumes)
using 50 mM MOPS (3-(N-morpholino)propanesulfonic acid), 50 mM NaCl, pH 7.2. The
post UF/DF CRM,g; was filtered using a SARTOPORE 2 150 sterile capsule filter.

d) The concentration of the CRMg7 was determined by measuring absorbance at
Aogp using an extinction coefficient of 0.942. The concentration was determined to be

20 9.65 mg/ml.

f) The post UF/DF CRM4g7 was diluted to 7.18 mg/ml from 9.65 mg/ml using 50
mM MOPS, 50 mM NacCl, pH 7.2.

g) In a separate vessel, 6 M HCI solution (7.46 mL) was slowly added to 7460
mg of the hapten of preparation 12 while cooled in an ice bath. Then 50 mM MOPS, 50

25 mM NacCl, pH 7.2 buffer was added (2.00 mL) and the pH was checked by pH paper.
The pH was approximately 9. 6 M HCI was added in small increments until a pH of 7.5
was achieved (1.70 mL HCI added). The total volume of the solution was 18.65 mL
resulting in a concentration of 400 mg/mL of the hapten of preparation 12.

h) In a separate vessel, 7000 mg of sulfo-N-hydroxysuccinimide (sNHS) was

30 dissolved in 50 mM MOPS, 50 mM NacCl, pH 7.2 solution (14 mL) and 19.25 M NaOH
solution was added in small increments until a pH of 7.13 was achieved (1.44 mL of
NaOH added). The total volume of the solution was 18.50 mL resulting in a

concentration of 378 mg/mL of sNHS.
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i) In a separate vessel, 8000 mg of 1-ethyl-3-(3-dimethylaminopropyl)
carbodiimide hydrochloride (EDC) was dissolved in 5 mL of 50 mM MOFS, 50 mM
NaCl, pH 7.2. The total volume of the solution was 12.0 mL resulting in a concentration
of 666 mg/mL of EDC. EDC solution was made last, just prior to addition to the

5 conjugation reactions.

j) The post UF/DF CRMyg7, the hapten of preparation 12, sNHS, and EDC
solutions were combined in such-a way as to generate the 24 samples listed in Table 6.
For the 24 samples, the correctly calculated amounts of the solutions were mixed
together in the following manner: UF/DF CRM,g7, the hapten of preparation 12, and

10  sNHS were combined and the pH of the mixture was checked. For samples number 10
and 18, the pH was further adjusted using 1 N NaOH to bring the pH to approximately
7.5. Lastly, EDC was added to the samples. Each reaction tube was briefly vortexed
and incubated at 15°C in a water bath for 18 hrs.

k) After 18 hours of incubation, samples were buffer exchanged using Amicon

15  ultra centrifugal concentrators with a 30 kD molecular weight cutoff. The buffer used
was 20 mM potassium phosphate, 20 mM histidine, pH 7.0. Protein concentration was
determined using a commercially available micro BCA kit.

[) 200 mg/ml sucrose was dissolved in water and added to the each of the 24
conjugated samples at a 1:1 (volume) ratio. Subsequently, PS80 was added to a final

20 concentration of 0.2 mg/ml. The samples were stored at 4°C for short term storage, -

20°C for long term storage.

Table 6

1 2600 2550 3000 3.0 7.95 41.0
2 5000 2550 3000 3.0 4.85 46.0
3 3800 4672 3000 3.0 9.05 50.0
4 3800 3258 4634 3.0 10.1 33.0
5 3800 3258 3408 46 8.05 38.0
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6 200 2550 3000 3.0 5.65 43.0
7 1400 428 3000 3.0 18.25 26.0
8 1400 1842 1366 3.0 5.3 48.0
9 1400 1842 2592 1.4 4.75 45.0
10 3800 428 3000 3.0 20.4 21.0
11 3800 1842 1366 3.0 5.6 32.0
12 3800 1842 2592 1.4 4.65 33.0
13 1400 4672 3000 3.0 843 32.0
14 2600 3964 1366 3.0 3.87 26.0
15 2600 3964 2592 1.4 6.84 41.0
16 1400 3258 4634 3.0 7.97 32.0
17 2600 1136 4634 3.0 15.81 27.0
18 2600 2550 4226 1.4 12.16 36.0
19 1400 3258 3408 4.6 19.82 20.0

20 2600 1136 3408 46 18.37 33.0
21 2600 2550 1774 4.6 10.12 420
22 2600 2550 3000 3.0 8.51 40.0
23 2600 2550 3000 3.0 8.3 46.0
24 2600 2550 3000 3.0 16.71 440

The analytical methodology utilized to examine the samples 1-24 are detailed
below.

SELDI-MS. Surface-enhanced laser desorption ionization (SELDI) is an

5 ionization method in mass spectrometry that is used for the analysis of protein mixtures.

The assay reports net mass gain to the CRMg7 scaffold through the conjugation
process. The change in mass is reported as adducts to the scaffold. Ideally, the
adducts should equate with the Hapten specific Epitope Density assay. Adducts =
(Mass conjugate — Mass scafioid) / Mass napten. It is noted that adducts levels in excess of the
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ED value indicates that mass other than hapten is added to the scaffold; and that
samples high in adduct are also high in HMMS.
Size Exclusion Chromatography. A size exclusion assay was developed to

resolve HMMS (high molecular mass species), Dimer , Monomer and LMMS (low

5 molecular mass species) towards understanding process parameters that impact
relative abundance of these components. The method reports relative area percents for
the HMMS peak group, Dimer, Monomer and the LMMS peak group. It is noted that
process stoichiometry and ratio’s of the starting materials impacted the apparent
distribution of peak area between HMMS, Dimer, Monomer and LMMS.

10 Epitope Density. A reversed phase liquid chromatography assay coupled to an
acid hydrolysis sample preparation was developed to determine the amount of hapten
conjugated to the CRMg7 carrier protein. The hapten molecule is conjugated via an
amide bond to the CRMyg7 scaffold; this bond is hydrolyzed to release hapten along with
the substituent amino acids according to standard hydrolysis chemistry. The amount of

15 conjugated hapten 7 is a measure of process consistency, product quality and efficacy.

The results of the characterization of samples 1-24 are shown in Table 7. This
data shows a strong relationship between Efficacy and Hapten epitope density coupled
to CRM4g7. In addition, it shows that optimal epitope density values correlate with high

menomer, low HMIMS and low adducts.

20 Table 7

1 18.6 19.9 0.0 00 100.0 0.0
2 13.0 15.8 0.0 0.0 100.0 0.0
3 14.3 12.2 0.0 0.0 94 1 5.9
4 271 304 1.9 0.0 95.1 3.0
5 20.8 24.8 1.3 0.0 98.7 0.0
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21. BALB/c mce (n

Exanpl e

10 per group) were imuni zed with 10 pg of sanples

1- 24 ( seewbrampl5e8020, Tables 6 and 7) by intra-nuscul ar PChjiBzii/e3244n t he
presence of al um ni um hydroxi de (alunm Al hydrogel-85: 40 pg Al 3+) and 10 pg
CpG 24555. Anti-nicotine 1gG Ab levels in plasma were neasured by ELISA

(day 21 and 28),

and avidity by inhibition ELISA The results are shown in
Figures 19 and 20 fromwhich it can be seen that an inmune response is

obt ai ned, for each tested conjugate, which 5 response increased with %
mononer apd-which vwas npfi mal with hnpf en | oad of he_t_v_\e_en 10 to 18
hapt ens ppr it]|car r. |At gwk ppst di j zgt (%H- ni c8t0| ne( (0. 05
ng/ kg nicptine containing|3 pG 3H hic) was |adnini stereg I'nj ection,
bl ood col [ected, [animal s pgerfused, prains r¢noved, [Tevels of 3H quantified
and % chapge i n 3H niSbtine i 8.8l ood a?2@Obrai n20.40 |rel 48.8ve |to 8dntr ol
ani mal s wes—det-efm-hed—R4stH-ts—arer-shown—i{—Fgugs—=21—and122—f+oem-hi ch
it can be|se that gld tgstegygonjplgaiggs resupty in | owglp | gvel g gof
3H-nicotipe enterfing the Brain than|in non-ijnmmni zgd control| ani rral S
indicatinpg that antibodi ed I nduced py tested conjudates can |sequestef
ni cotine [n t9ne bl oofi-8and [prel@ht i}' sOdbtake P o |br di0R-& o |a gP&at ef
ext ent t hpp—rR—eont+rol—antrals—andrthat—eticacyrereased5—with—0o
mononer (Figyge 21) gnd wgs ogggmal [ Wi jdoa hapgen |loadypf bgtwegmg 10{to 18
haptens per_unit |carrier (|Figure 22). Exanpl g 22. Sangl es 1- 24| (see
Exanpl e 2D, Tabl¢s 6 and 1) were tepted for |binding to Al hydrogel BALB/ c
mce (n = 101ber |grofg) wdre o i purdi€ed [wi €8 1J pg ‘b? t Hese @lff br ent
COﬂj ugat ep by e ntrsetrar— Ilj ectomrtm—tite pr—esgnce of—att 20
hydr oxi de| (ahzm (A hggr ogel 852940 pg AB+) |and.gl0 [pg 10p@ 24555¢0 0At L wk
post 2nd | muni zxtl on, 3H{nicotine [0.05 ng/lkg nicdtine cont ai ni ng 3| pG
3H-nic) wha }9 i st injegti OF oIIec g | s
per fused, brz ns n@r‘g Ievz:l"g of %&Jant 1l éfé hang n&q
3H-nicoti fre—Tm 'U| ood—anmd—rar s TetEtTve to bUII'LIUI et s was —detet m ned.
Results afe showp i n4BKi gurle 23,8 from waigh ift d@&n He seeb tHat 11.3

15 7.9 10.3 0.3 0.0 99.7 0.0

16 25.0 31.7 00 0.0 100.0 0.0

17 15.6 416 7.7 10.2 82.1 0.0

18 7.0 219 00 0.0 100.0 0.0

19 30.0 36.3 0.0 0.0 100.0 0.0

20 17.5 422 5.0 0.0 86.3 8.7

21 10.5 121 0.0 0.0 99.3 0.7

22 13.2 16.7 144 0.0 57.0 28.6

23 18.1 25.0 00 0.0 100.0 0.0

24 16.1 236 00 0.0 100.0 0.0

Example 21. BALB/c mice (n = 10 per group) were immunized with 10 pg of

samples 1-24 (see Example 20, Tables 6 and 7) by intra-muscular injection in the
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25 conjugates with a higher % nononer content, have a higher %binding to

Al hydrogel and that this correlates with a greater efficacy as denonstrated
by a greavenoriedwsori on in the anount of 3H-nicotine in PhE/IBrEL/N2446 CLAI M5
1. A hapten of the formula (1): X \NW" I i,CH3 N (lI) wherein Wis -CH2-
or -0-; and Xis -NH2 or -SH 2. The hapten according to claim1, wherein W
Is in position 2, 5 or 6 of the pyridine ring. 3. The hapten according to
claiml1 or claim2, wherein Wis -0- and Wis in position 5 of the pyridine
ring. 4. The hapten according to claiml or claim?2, wherein the hapten is

selected fromthe 5. A hapten-spacer conjugate of thg formula (11): 0O H
> X- ( spacBrepeneg/qiafuminiet iydroxjds @lungyhydspdelgs: 40 ug AI™) and 10 ug &t
24555. Anti-nicotine IgG Ab levels in plasma were measured by ELISA (day 21 and 28),

and avidity by inhibition ELISA. The results are shown in Figures 19 and 20 from which
it can be seen that an immune response is obtained, for each tested conjugate, which

5 response increased with % monomer and which was optimal with a hapten load of
between 10 to 18 haptens per unit carrier.

At 1 wk post 2nd immunization, ®H-nicotine (0.05 mg/kg nicotine containing 3 pCi
3H-nic) was administered by |V injection, blood collected, animals perfused, brains
removed, levels of °H quantified and % change in *H-nicotine in blood and brains

10 relative to control animals was determined. Results are shown in Figures 21 and 22
from which it can be seen that all tested conjugates result in lower levels of *H-nicotine
entering the brain than in non-immunized control animals, indicating that antibodies
induced by tested conjugates can sequester nicotine in the blood and prevent it's
uptake into brain to a greater extent than in control animals, and that efficacy increased

15  with % monomer (Figure 21) and was optimal with a hapten load of between 10 to 18
haptens per unit carrier (Figure 22).

Example 22. Samples 1-24 (see Example 20, Tables 6 and 7) were tested for
binding to Alhydrogel. BALB/c mice (n = 10 per group) were also immunized with 10 ug
of these different conjugates by intra-muscular injection in the presence of aluminium

20  hydroxide (alum; Alhydrogel-85: 40 ug A**) and 10 pg CpG 24555. At 1 wk post 2nd
immunization, *H-nicotine (0.05 mg/kg nicotine containing 3 uCi *H-nic) was
administered by |V injection, blood collected, animals perfused, brains removed, levels
of *H quantified and % change in ®H-nicotine in blood and brains relative to control
animals was determined. Results are shown in Figure 23, from which it can be seen that

25  conjugates with a higher % monomer content, have a higher % binding to Alhydrogel
and that this correlates with a greater efficacy as demonstrated by a greater reduction in

the amount of ®H-nicotine in the brain.
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83 -(spacer)- is a C-C8 al kylene group, a C3-C10 cycl oal kyl ene group or a
C -Cl2 alkylene group interrupted by 1 to 4 oxygen atons and optionally

i nt erruptwo 2by/&#180K( H) C(0)-; and X is -NH2 or -SH 6. TireThRpuensspacer
conjugate according to claim5, wherein Xis -SH 7. The hapten-spacer
conjugate according to claim5, wherein X is -NH2. 8. The hapten-spacer
conjugate according to any of clains 5 to 7, wherein -(spacer)-is a Cl-C8
al kyl ene group. 9. The hapten-spacer conjugate according to any of clains 5
to 8 wherein Wis -0-; and Wis in position 5 of the pyridine ring. 10. A
hapten-carrier conjugate of fornmula (Il1l): Y - wherein Wis -CH2- or -0-;
-(spacer)- is a Cl1-C8 al kyl ene group, a C3-Cl10 cycl oal kyl ene group or a
Cl-C12 WM@ne group interrupted by 1 to 4 oxygen atons and optionally
interrupt ed R¥aptenldf tAeGofuala (X is -NH or -S-; mis 0 or 1; nis an
integer fromlto 1000; and Y is an optionally nodified carrier protein

sel ected from bacterial toxoiXls, i mmnogein'gfv§ubst ances, viruses,

virus-like particles, protei n\eetipl ex(e‘s:t?&w{\I ins, polypeptides, |iposones
and i mmuno-stinul ati ng conpl exes. yl1ll_The hapten-carrier conjugate
according to claim10, wherein Wis ' N sitildke 2, 5 or 6 of the pyridine
ring. 12. The hapten-carrier conjugate according to claim1l0 or claim 11,
wherein Wis -0- and Wis in position(lp of the pyridine ring. 13. The

hapt en-carri eﬁ conjugate according to claim 12, wherein mis 0 and X* is
-NH. wWo 20%19'¥%1807PCT/ 1B2011/ 052446 14. The hapten-carrier conjugate
accordi ng t owdeyClad- ocl@4;amd 10 to 13, wherein the carrier protein is an
optionally n%di f'I_Fd p%ﬁt ein selected fromderivatives of tetanus toxin
(e.g., cheni éﬁ'l'\{/ %% aeti vat ed tetanus toxoid), derivatives of diphtheria
toxin (@2.g., Thdbaptembéoording it ¢laiat & dvhetrgih tisrin positioro2,cb arré ofitke pyridineoxi ¢
genetic nutant CRML97), keyhole |inpet henocyanin (KLH), henobcyani ne, outer
menbr ane pro?réq'n conplex (OWPC) from Neisseria neningitidis, the B subunit
of heat 3l abi Tkee kaptéreaccondiag toodlaim T ecdaibi 2)aviterain ¥y isoOeiand W fsrio postsausiononas
aer ugi nosa (rEPA ] her virus-like particles such as those assenbl ed
fromreconbi %fgtﬁ %Xrgéir?e @é%t ein of bacteriophage Q, hepatitis B surface

ant i gen4. hepéhe hapterBacooradingtut ¢lgisnt or claimv2, wdreosie thelltapterhie sbieptedrirorathei er
conjugate of formula (111) according to any-of clainms 10 to 14, wherein the
carrier is a protein selected from di phH ;ﬁ} toxoi d and CRML97, which are
optionally nodified. 16. [ - rerNyConj ugate of formula (111)
according to any of clains?10 to 15| wher ei Q:I_Ehe carrier proteinis a
= 3

nodi fi ed sucgcrloﬂglcglﬁsqginero?t ei n. N
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5. A hapten-spacer conjugate of the formula (I1):
O H
/
N H />
X—(spacer) —\ AN N
W—— )
'KN/ CH;

(1
wherein W is -CH»- or -O-;
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17. The hapten-carrier conjugate according to any of clains 10 to 16,
wherein n is an integer in the range of 10 to 18 inclusive. 18. A vaccine
conposi t iwo 200m31803i Nng: a plurality of hapten-carrier ceqagztess2aecordi ng
to any of clainms 10 to 17; and one or nore adjuvants. 19. The vaccine
conposition according to claim 18, wherein one of the one or nore adjuvants
is CpG 24555. 20. The vaccine conposition according to claim 18, wherein
one of the one or nore adjuvants is an alum numsalt. 21. The vacci ne
conposi tion according to claim20, wherein the alumniumsalt is alum num
hydr oxi de. 22. The vaccine conposition according to claim?21l, wherein the
adj uvants ar és@?@r 2i855G1-GhalkWeigPeran fyfeosclps! ylege oigup f &cCrie
conmposi tion é!ﬁﬂ@rﬁéj?rBGpirﬂeﬁdrﬁédTb)Z@to HRRYRINBIGNE afd opﬁwawmt&fupfaarw adj uvant s
is an inmmne stipulatory conplex (IS . 24. The vaccine conposition
accordi ng t oNMH¥p ()28 wherei n the i mune sti nul at ory conplex is
| SCOVATRI X. K% anz\@csnne conposition conprising CpG 24555 and a plurality
of hapt rier con ates of the formula ( . HCH3 (IV) wherein Y is
di pht he%ra t hohapten-s §9IUgR!G arcqrding fp ?'ﬂ%%ﬁhqrﬂntxﬂ@_ﬂélnge of 1 to 40
inclusive. 2fhe Rapté@e-spdier EOMTIGAE bteUrdiAg fEIbif ﬂ@v%%@&ﬁmal um ni um
hydr oxi %e, Cﬁg | urali tﬁ Qf hagten carrier gqné9 g 0 for
(1V): H°N h?ﬁ‘i}%%e’\‘/\,ﬁ%?‘i?f orpugate P%‘P'H%FQ%’%QT% s %RN&@?‘" PRACRTT s an
i nt eger in tise CAOYPSk@AENd glop40 inclusive. 27. A vaccine conposition
compr Sl AL Tho hapion-apacer conjbgats Sbtording o S S HHRE 5t B wieralh Wi &5, °F the
and W is in position 5 of the pyridine ring.

10. A hapten-carrier conjugate of formula (lll):

YLX*(spacer) 9;\

(I

[
|
-

wherein
W is -CH,- or -O-;
-(spacer)- is a C4-Cg alkylene group, a C3-C4g cycloalkylene group or a C4-Cy»
alkylene group interrupted by 1 to 4 oxygen atoms and optionally interrupted by a
-N(H)C(O)-;
X* is =NH- or -S-;
misQor1;
n is an integer from 1 to 1000; and
Y is an optionally modified carrier protein selected from bacterial toxoids,
immunogenic substances, viruses, virus-like particles, protein complexes, proteins,
polypeptides, liposomes and immuno-stimulating complexes.

11.  The hapten-carrier conjugate according to claim 10, wherein W is in position 2, § or
6 of the pyridine ring.

12.  The hapten-carrier conjugate according to claim 10 or claim 11, wherein W is -O-
and W is in position 5 of the pyridine ring.

13. The hapten-carrier conjugate according to claim 12, wherein m is 0 and X* is -NH-.
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HH21 CH3 The - n (1V) wherein Y is diphtheria toxoid or CRML97; and n is
an integer in the range of 1 to 40 inclusive. 28. The vacci ne conposition
of any omwoabiigclsasons 25 to 27, wherein n is an integer PaTuB®11/65296 of 10
to 18 inclusive. 29. The vaccine conposition of any one of clainms 18 to
28, wherein at least 70% of the plurality of hapten-carrier conjugates
conprise carrier proteins (Y) which are not high nol ecul ar wei ght species.
30. A hapten-carrier conjugate according to clainms 10 to 17, or a vaccine
conposi tion according to clains 18 to 29, for use as a medi canent. 31. A

hapten-carrier con ate according tg clains 10 to or a vaccine
CONpOSi tifon E%B?H%Wgarf'ﬁr eQniHgREe aEording'e, a“IV(?rfc'Gg%S 191tq Tembgssimiequi t rates

i n snokers Weghémdotemh |§thpﬁ<$ﬁiill§l%dﬁieﬂ%rdt&h%lé%@tddéﬁd?@déﬁ‘VaﬂVes%fQJStﬁﬁ@s who
have successf ul lsfg qui t h vacci nation with an anti-njicotine vaccine or

u
t hr ough prev'i’°?5't9 tgr’é’ﬁ?'l‘?ié’ﬁ‘{'y Wg?waéﬁdﬂﬁ?PHﬁ%PHéld&HyatUPs g{digRthetgiaxin: or for
use in treat gy, cHemicdlig eietivaled diphthefia ﬁﬁom&wﬁwm@xicrgeaememamtl n need of

W shing to qaRkMug). kAT PR EciBER (R e RoBAGIERE. aHe RATE-6dEaety ul | y
quit thr Oughcdfﬁ;ﬂé)k ngfrwthbus's@narrﬁenmgitra@ tHeeB yaamnraﬁ heét-lailcough previ ous
Ve e ] Sy T YT A N TR TG R SR
admi ni st eri ngnd ethéh@rugaiks partitiag suecsd thosé asgevstldd %mas@dmrﬂrham cbat clains 18
to 29. protein of bacteriophage Qb, hepatitis B surface antigen, hepatitis B core antigen or
a virosome.
15.  The hapten-carrier conjugate of formula (ll1) according to any of claims 10 to 14,
wherein the carrier is a protein selected from diphtheria toxoid and CRMyg7, which
are optionally modified.
16.  The hapten-carrier conjugate of formula (l1l) according to any of claims 10 to 15,
wherein the carrier protein is a modified succinylated protein.
17.  The hapten-carrier conjugate according to any of claims 10 to 16, wherein n is an
integer in the range of 10 to 18 inclusive.
18. A vaccine composition comprising:
a plurality of hapten-carrier conjugates according to any of claims 10 to 17; and
one or more adjuvants.
19. The vaccine composition according to claim 18, wherein one of the one or more
adjuvants is CpG 24555.
20. The vaccine composition according to claim 18, wherein one of the one or more
adjuvants is an aluminum salt.
21. The vaccine composition according to claim 20, wherein the aluminium salt is
aluminum hydroxide.
22. The vaccine composition according to claim 21, wherein the adjuvants are CpG
24555 and aluminium hydroxide.
23. The vaccine composition according to claim 20, wherein one of the one or more
adjuvants is an immune stimulatory complex (ISCOM).
24. The vaccine composition according to claim 23, wherein the immune stimulatory
complex is ISCOMATRIX.
25. A vaccine composition comprising CpG 24555 and a plurality of hapten-carrier

conjugates of the formula (IV):
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27.
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wherein
Y is diphtheria toxoid or CRM1g¢7; and

n is an integer in the range of 1 to 40 inclusive.

A vaccine composition comprising CpG 24555, aluminium hydroxide, and a plurality

of hapten-carrier conjugates of the formula (IV):

o :
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N
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(V)

wherein

Y is diphtheria toxoid or CRMg7;

and n is an integer in the range of 1 to 40 inclusive.

A vaccine composition comprising ISCOMATRIX and a plurality of hapten-carrier

conjugates of the formula (IV):

Y N | NN
|
H - CHj
N
- -n
(V)

wherein

Y is diphtheria toxoid or CRMgy;

and n is an integer in the range of 1 to 40 inclusive.

The vaccine composition of any one of claims 25 to 27, wherein n is an integer in

the range of 10 to 18 inclusive.
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20.

30.

31.

32.

The vaccine composition of any one of claims 18 to 28, wherein at least 70% of the
plurality of hapten-carrier conjugates comprise carrier proteins (Y) which are not
high molecular weight species.

A hapten-carrier conjugate according to claims 10 to 17, or a vaccine composition
according to claims 18 to 29, for use as a medicament.

A hapten-carrier conjugate according to claims 10 to 17, or a vaccine composition
according to claims 18 to 29, for use in increasing quit rates in smokers wishing to
quit and reducing relapse rates in ex-smokers who have successfully quit through
vaccination with an anti-nicotine vaccine or through previous treatment with a
pharmacotherapy or by self-quit; or for use in treating, or preventing, nicotine
dependence in a person in need of such treatment.

A method for aiding smoking cessation in smokers wishing to quit or preventing
relapse in ex-smokers who have successfully quit through vaccination with an anti-
nicotine vaccine or through previous treatment with a pharmacotherapy or by self-
quit, or preventing nicotine dependence in a person in need of such treatment, the
method comprising administering to the person the vaccine composition according
to claims 18 to 29.
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