UHCTUTYT XMMMK TBEPAOro Tena u MexaHoXuMum
Cunbupckoro otaeneHusa PAH

Hay4Ho-o0Opa3oBaTenbHbIN LeHTp «MonekynapHbIU
4| An3alH N 3Konornyeckn 6esonacHbie TEXHONMOrMU» Npu
B HoBocnbGupckom rocynapcTBEHHOM yHUBepcuTeTe
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NOMOLLbLIO HAHOTEXHOMNOInM,
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MpumMeHeHNe AOCTMXKEHNN JIR4

XUMUNUN TBepAaoro tera

Adns:

1. Moaudunkaumm cBOUCTB NIeKapCTBEHHbIX NpenapaTtoB C
Lenbilo conoounusaumu;

2. Yny4yuweHus yCNOBMUN CUHTE3a NEeKapCTBEHHbIX
npenaparos;

3. 3Bne4yeHun nekapCTBEeHHbIX NpenapaTtoB U3 NPUPOAHOro
CbIpbA.



Pa3nunyHblie hopMbl KpUcTannmsauumm
rieKapCTBEeHHbIX BeLlecTB

CONSTRUCTION Drug motecules can be crystailized in

different solid forms.
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Polymorphs
Amorphous

Solvate

Salt

Cocrystal
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NepeBoa API B BogopacTBOpuUMOE COCTOSIHUE
(lMpodosnkeHue)

3. O6pa3oBaHMe coegMHEHUN C NOBEPXHOCTbLI PAaCTBOPUMbIX
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M. Mosharraf, C. Nystrom, Drug. Dev. Ind. Pharm., 29 (2003) 603.



Amopdunsauma nHaomMmeTaumHa npu KPUOreHHOM [T Ys
nsmMenb4yeHUn I

*

Endo

% uHaomeTaumH + 50% MBI
= unHgomMmeTauunH
‘ # 3‘ __W HAomeTauuH + 20% MBI
¥ g
% Iﬁ I _____wHpomertaumh + 40% NBnM
=
oy
= “HAOMETaLu 20 40 60§90 100 120 140 168 I8
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T 1 , ol 3 - Kpusbie CK
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20/degree 2% J—— vy v _» MACcB80% MBI (kpwno)
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PeHTreHoBCKkMe AndpakTorpammbl 7 j, /,ff;,,.f‘.“‘"“f 5 MA ¢ 50% MBI (kpuo)
g} 15 ',“ ‘.f‘j *
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. / . ®du3. cmeckb c MBI
' ;;:f-—"‘__ r—r—t WhpomeTaum
1 L L L e L e e
J. Therm. Anal. Cal., 89 (2007) 709. 0 10 20 10 40 50 e T¢ R0 90 100 110
T.P. Shakhtshneider, F.Danede, F.Capet, J.F.Willart, M. Descamps, Time/min

L.Paccou, E.V. Surov, E.V. Boldyreva, V.V. Boldyrev
KpuBble pacTtBopeHuUsA



NMonumopdunsm xnopnponammnaa: (449
CTpYyKTypa 1 nepexoasbi |4t
(X )
o

PaclundgpoBaHbl CTPYKTYpPbI TPEX

HOBbIX NONMMOPHbIX

Moaudomkaummn. YCTaHOBINEHO, YTO

Int. J. Pharm. 327 (2006) 51 nonumopdel a, b, g n d nepexonat
E. Boldyreva, V. Dmitriev, B.C. Hahcock.

Acta Cryst., C63 (2007) Ne355 B €-bOopMy Mpu HarpeBaHuu.
T.N. Drebushchak, N.V. Chukanov, E.V. Boldyreva



NMMonumopdmnam rmmumHa
Y- glycine, & ©-glycine, (¢)
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"*/ B¢ () - B.l:«tme B'*- ghycine
P < 23 GPa (at least) — (single erystal (2-order transition, ne
No phase transitions - single crystal, manifestations in X-ray)

reversible} calorinmetry, spectroscopy

Crystal Growth & Design, 7 (2007) 1662 E. Boldyreva



PacTtBOopuMoOCTb noniuMopdHbLIX moandunkaumum

cynbcaTrnasona ik

—
2 4 & a 0 40 60

CkopocTu pacteopeHusa mogndumkauum II' n IV cynbdpaTtmnasona
B Boge npu 35 °C.



NMonuMopdHbIe nepexoabl B cynbgaTnasone npu

MeXaHN4YeCKOU aKTUuBaLnu

NONUMOPdOHLIN

S
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(I ogh - £ -
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' ~— ; Bt '25'0 5 1:1 after MA 12 min
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E e 3laferMA I2min
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o . L1 physical mixiure
% L2 sulfapiiazole intacs snd aftec MA 12 min
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Time (min)

KpuBble pacTtBopeHus

T. P. Shakhtshneider. Solid State lonics, 101 (1997) 851



CMeluaHHble KpucTtansbl NMPOKCUKaMa

CTpyKTypa CMellaHHbIX KpUCTanoB NUPOKCUKAM — stHTapHasa kucnota (2:1)

J. Crystal Growth & Design, 7 (2007) 1291.
S.L. Childs, K.I. Hardcastle



CuHTEe3 cMellaHHbIX KpUctasiyioB NMPOKCUKaMa C 0060

KapOOHOBbLIMU KUCSTOTaMU

CmMellaHHble Kpuctanrbl nojiydeHbl METOAOM COBMECTHOIO rMiiaBJieHUA

[MpoKkcrMkaM — AHTapHas
Kucnota

[Mnpokcmkam —
MasioHoBas KucrnoTa

nMpOKCI/IKaM — LaBerneBas KUCJ10Ta

T.P. Shakhtshneider, K. Fucke, E.V. Boldyreva, U. Griesser
UXTTM, HI'Y, YHueepcumem UHcb6bpyka (Aecmpusi)



KnuHeTn4yeckme KpuBble pacTBOPEHUS CMeLLUaHHbIX
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MeJIOKCUKaM + ssHTapHas Kucriota
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KomMno3ntbl Menokcukama ¢

BCrnomMmorartesqibHbiMU BelLleCcTtBaMu
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MexaHndeckaa akTuBauusi MeSloKCMKama C BCnomMoraTesibHbIMU BellecTBaMu npmBoAUT K
yBEJIUHEHNIO CKOPOCTU pPacCTBOPEHUA JIB n ero KOHUEHTpaUuMn B pacTtBOpE B pe3dyJibTate
B3anMogencrtBmnAd KOMMNOHEHTOB.



CuHTe3 conbBaToB 6eTynunHa

s s-ral-lo,na i
e ] ’/

Ha ocHoBaHuu ,EI,I/ICbpaKTOMeTpI/ILIeCKI/IX N TepMOoaHalIMTU4YECKMX AOaHHbIX O514 MpOoAYKTOB
nepekpucTamnmn3aumnnm 6eTyn|/|Ha M3 BOCbMWU paCTBOpMTeﬂeVI yCTaHOBJIEHO CYyLleCTBOBaHUNE

YyeTbIpex NOMMOPMHLIX N YeTblipex NceBaoNONIMMOPMHbLIX MoandUKaunn 6eTynuHa.

M.A. Muxatnexko, M.E. bpesayHoea, T.[1. LlaxmwHeldep



CUSTOMISED

CRYSTALS

Y CONFEF
a Berlin, Ger

28TH JANUARY 2008
29TH AND 30TH JANUARY 2008

BEER invited Companies
and Authorities:

= FDA

= European Patent Office
= AstraZeneca

= Boehringer Ingelheim
= Jones Day

= Wallinger Ricker Schlotter
Foerstl

u Novartis

= Organon

= Pfizer

= Roswell Park Cancer Institute

BERN invited Universities:

= Free University of Berlin

m Novosibirsk State University
= University of Bologna

= University of Edinburgh

= University of Sheffield

= Waseda University

Join peers and our expert speaker faculty and benchmark

your practices against industry case studies on:

B Understanding factors that affect polymorphic transitions, and predicting
when these transitions occur

B Designing and selectively manipulating crystals and co-crystals to meet
specific needs

® |mplementing regulation for abbreviated new drug applications (ANDAs)
of polymorphic forms

m Effectively reassessing, developing and exploiting patent protection on
polymorphs and co-crystals

B | earning of the importance of nanocrystals, and how they have been put to
industrial use

B Understanding the effects of the crystallisation process and formulation on
the further development process

Bertrand Gellie ™ =] Prof. Elena Boldyreva 47@
g European Patent Office s, 5 Novosibirsk State University 4?,0

F & Danielle Giron g Prof. Dario Braga 6'):9
L " University of Bologna

Prof. Rainer Muller
,‘ Free University of Berlin

« Novartis

~ | Dr. André Raw
& FDA

Choose from 4 interactive workshops:

High Pressure — An Additional Dimension for the Screening of Polymorphs
and Solvates

Customised Crystal Design
Green Crystallisation Technologies for Pharmaceutical Use

Avoid Patent Litigation & Secure Patent Protection for Polymorphs
and Co-crystals



[lpumMeHeHne XxumMmmnmu TBepAOro Tena

B cuHTte3e API
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CuvHTe3 HaHOpa3MepHbIX YacTuy,
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CTpykTypa KapbokcunatoB
BUCMYTa

HaHOKpMCTannM‘-IeCKVIe YyacTuubl BUCMYTAQ, o6pa3y|ou.w|ec;| npu

10.M. Muxatinoe, FO.M. fOXuH TePMUYECKOM Pa3fioXXeHUU, ynopsanodeHbl B crion



CpaBHUTeNbHasA aHTUMUKPOOHAA aKTUBHOCTL |44+
HaHou4acTuu cepebpa n BucmyTa [ 4
TecT - IITaMMBI
No Kuieq- | 30M0THCTRIH | CHHETHOH- Kaprto-
IIpenapat
LTI Has I1a- cTalpHIIo- Hasd OaKTe- | (eb-HaA
JTOYKa KOKK pHA ano4yKa

1 | ITeoHT 4HCTRIA —

+ —

5 [Meomr + Ag (0.5 |+ +
%e)

3 Heormir + Bi (0.5 | — + + ++
%)

— OTCYTCTBUE aKTUBHOCTMHU, + crnabasi akTUBHOCTb,
++ cpeaHAA aKTUBHOCTb, +++ CUJNIbHasA aKTUBHOCTb.



CpaBHUTENIbHasA aHUMUKPOOHaA aKTUBHOCTL |IRTY
npenaparoB cepebpa n BucmyTa [IK]

TecT - WTAMMBbI
Ne
n/n NMpenapar Kuweynas 3onomucmait CuHezHoUHasa | KapmogpernbHas
nasioyka CMagbusIOKOKK bakmepusi nasioyka

1. | UeonuTt + Bi yntpart + + +++ +++

2. | Ueonut + Bi rannar - + +++ +++

3. | Ueonut + Bi - ++ ++ 4+

oKcorugpokcornaypart

— OTCYTCTBUE aKTUBHOCTMHU, + crnabasi akTUBHOCTb,
++ cpeaHAA aKTUBHOCTb, +++ CUJNIbHasA aKTUBHOCTb.



CuHte3 APl nytem peakuuu TBepaoe + tBepaoe = TBepaoe
(W. Komatsn, C. Wagner)




«Cyxom cuHTe3» dhTanasona EIEE
CuHTes cpranasona (lll) B pactsope ICOOH @ 34+
Hen3bexHo aaet npumecu (1V) n (V) A 7\ ] ®
CONH— SOoNH— /3\
<J‘(I 1)
P C. N
ol sozNH—/ \
SRR »
an o O av) IV
Il
CONH—// ) soNH— j\
H j:CONH /‘\ SOoNH— //j\
vV

Peakuusa (1), + (Il)ra3 OCTaHaBnMBaeTcd U3-3a
obpasoBaHus kopku TeBepgoro npoaykra (lll).

TeepaoodasHbin cCUHTE3 (pPTanasona:
- COKpalleHne BPpEMEHUN CUHTE3a 4O 15 MUHYT,
- He TpebyeTcs pacTBOpUTENEN

[MoBepxHOCTb cynbgartnasona - bonee yncrtbiv npoaykr (lll), Bbixoa 97%
nocrie BsaanMoaencTBnA ¢ napamu MexaHun4yeckas obpabotka = cybnumaumns (1) &
pranesoro aHrvapuga (105 C). MocTosiHHOe obHoBReHMe noBepxHocTH (1).

M.A. Mikhailenko, T.P. Shakhtshneider, V.V. Boldyrev. J. Mat. Sci. 39 (2004) 5435
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MMPOKCUKAM - JE33E
HecTepouaHoe NPoTUBOBOCNANUTENIbHOE CPeaCTBO [l
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NMNo6ouHbIN adhheKT Npn ANNTENLHOM NPUEME NUPOKCUKAMaA — N3BA3BIEHNE
CITM3UCTOU Xenyaka

Ana aumnupoBaHHbIX MPOU3BOAHLIX MUPOKCMKaMa NOOOYHbIN 3¢hpPeKT CHUXKEH



CxeMa MexaHoXMmMmnyeckoro auunvpoBaHus [R$1S

o0
npokcukama it

_<j> MeXaKTUBaLus w —
N /
H
o

O O IVa-uBUTTepUOHHas
R ¢opma nMpokcukama

IV - nupokcukam

e o
\ B RCOCI " e
Y )] — H \N /
U TEA/AI, O,
/2" \
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rneped CUHMe30M C UCIroJib308aHUEeM pacmeopumerisi:
*OTCcyTCTBUE TOKCUYHOro xnopcoaepxatiiero pacrsoputens (CCl,)
*KopoTkoe Bpems peakuum (40 MMHYT BMecTo 8 YacoB)

C.A. Mbi3b, H.A. lNaHkpywuHa, T.I1. llaxmwHelodep, A.C. Medeedeea, J1.Il. CagppoHoea, B.B. bonodsipes.
Xumusi 8 uHmepecax ycmou4ueoz2o pazeumusi, 15 (2007) 135.



(Y X )
BbiaeneHue ankanonaoB U3 pacTUTESNIbHOIO ChIpbS eeoo
00
o0
O
ApcopbunoHHble MeToAbl BblAgeneHus BbiaeneHue nannakoHUTMHA N3 KOPHeEN
ankanoumaos Aconitum septentrionale Koelle
1. Adsorptive purification Traditional extraction method Adsorptive method

- Alkaloid ® - Waste compounds Plant raw m;uml J

e ® e Extraction with an
_,.-_ .._ > " Adsorption ., oo, Desorpﬁon ecganic solvent
et @ T W @ e
.. ® L e xtrac :
' _ L 4
. ﬁeéycllng [l Extraction separation
1

|
[ Sum of alkaloids |

2. Selective adsorption of alkaloid
ﬂ Crystallization with

e® . Adsorption o Desorption v acelone
.Q L3 .+ > ... o d ~ D ; | Lappaconitine
S— “U} . . :}_';‘. / " + _-_ —
¢ ‘ °,° “" o ] Yield 0,9 %

1 Pll.n! raw nuurial

Extraction with ethanol

Extract

Adsorptive purification
in y-Al,0,-CHCI, system

[ Enriched extract (up to
85% of lappaconiting)

Crystallization with
acetone

[ Lappaconitine .

Yield 3,5%

Expenditure of solvents: 3.5 times
less, of time - 3 times less

A.E.Goncharov, A.A.Politov, N.A.Pankrushina, O.l.Lomovsky

(ISSCM SB RAS, NIOC SB RAS)



(Y X
o000
BbiaeneHue ankanongoB U3 PaCTUTEeNbHOIo Cbipbs :0
(FpodormkeHue)
Natural product Traditional method, Mechanochemical
yield % approach, yield %
Lappaconitine 0.30 1.30
Berberine 0.77 2.00
Theobromine 0.49 1.27
Sesquiterpene lactones 2.00 5.00

Pankrushina N., Lomovsky O., Boldyrev V. Planta
Med. 73 (2007) 347



. : : 0000
The administration of systemic drugs 0000
directly into the respiratory tract is a et

good alternative to the oral and
injection therapy

Nasal airway

Target: Alveolar region

Advantages: high surface area of
alveolar saccules, easy pass

to the systemic circulation;

Eliminates the losses in
gastroingestial tract and/or the high Bronchi
metabolism in liver. In contrast to the | ..

Lymph nodes

Pulmonary
arteries

S ; . ) i iratory
injection therapy inhalation is not bronchioles ___ ( R
associated with pain. Respiratory '
bronchioles
Alveolar
ducts
Alveolar Alveolar
sacs cagglc?ry

Oberdorster et al. Env. Health Persp. 2005, 113 ( 7), 823
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alveolar deposition efficiency / %

nucleation from vapor

dispergation

10 100 1000 10000 100000
d/nm

Aerosol deposition efficiency to the alveolar region as a function of particle diameter (Report from the
Advisory Group on Non-ionising Radiation and its Ad Hoc Group on Corona lons: “Particle deposition
in the vicinity of power lines and possible effects on health.” NRPB Vol. 15, No. 1, 2004)
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d/ nm

Typical size spectrum of Indomethacin as measured by the Aerosol Spectrometer
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Flow direction supersaturated pycleation
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filter | Tieater

- vapor
/ diluter |
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v ¥
\\
maternal saturated

filter _
-j% diluter
¢ o

p

H substance vapor g5 fI Iter

fi | diluting
coﬁ‘t"r’c,. H A diffusion battery

flow >

control /|
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| 18]
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Scheme of the inhalation experiment




Nose-only exposure chamber






Measurement of the lung
deposited dose

Aerosol

| spectrometer

alalalils

Aerosol

flow

(Y Y]
The fraction « of particle®wieich

X
were consumed per chargher due
to the mouse breathing:

1/N

nout
NO

out

a=1-—

The respiratory deposition efficiency
(the number of exhaled to the number
of inhaled patrticles ratio) :

1/N
&= F 1— rlout
fVT n(O)

out

f, V;, and F are average mouse breathing frequency,
tidal volume, and aerosol flow rate



Relative edema index
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