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What this talk is about :

ADb initio structure solution

using :

High-resolution XRPD

Molecular modeling

Direct space methods

Hydrogen bonds
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® Motivation

(a) Polymorphism : induced by freeze-drying
known 2. unknown Leonidov (1995)

b) Anesthetics : local (eyes)
c) Ab Initio structure solution : a textbook example ?

® Previous work on TetraCaine HydroChloride [ ]
(a) Giron et al (1997) (b) Nowell et al (2002) (c) Schmidt et al (2006)

® Synchrotron X-ray diffraction experiments [ 11-BM @ APS / ANL ]

®
with a twist : Preferred Orientation included in Monte - Carlo

( One molecule , PMC , four molecules )
( DICVOL : : N-TREOR-09 : )

( FOX !, EXPO 2009 ? )

molecular H- bonds




l. MOTIVATION (1)

[Leocaine--a new generation of local anesthetics] [Vestn Oftalmol. 1993

1995

pubMed VeEStn. Oftalmol.

U.S. National Library of Medicine
National Institutes of Health

Display Seftings: ~ Abstract

Performing your original search, leonidov leocaine, in PubMed will retrieve 2 records.

Vestn Oftalmol. 1995 Oct-Dec;111(4):19-21

[Leocaine--a new generation of local anesthetics]
[Article in Russian]

Leonidov NB, Nesterov AP, Uspenskaia SI, Knizhev VA, Fitilev SB, Avramenko NN

Leocaine is a new crystal beta-modification of beta-dimethylamincethyl ether of n-butylaminobenzoic
chemical formula is the same as for dicaine, but it has a number of advantages over this drug. The a
leocaine is 2.5 times higher than that of dicaine. By the duration and depth of anesthesia 0.3% leocal
comesponds to 1% dicaine. Leocaine exerts no toxic effect on the comeal epithelium and its instillatio
cavity does not result in the reactive dilatation of corneal or episcleral vessels. Leocaine solution is sf
Clinical trials of leacaine carried out on more than 2500 patients showed virtually complete absence ¢
Commercial manufacture of leocaine is launched at present. One of the commercial preparations rep)
of the active substance in isotonic NaCl solution. Another drug contains, besides leocaine, methylcell
leocaine are recommended for practical ephthalmology instead of dicaine for local anesthesia. The d
medical use and commercial manufacture by the Ministry of Health and Medical Industry of Russia.

PMID: 8604531 [PubMed - indexed for MEDLINE]

Publication Types, MeSH Terms, Substances

Patent

United States Patent ps
Leonidoy 1

2 Industry

[54] CRYSTALLINE MODIFICATION OF
2.DIMETHYLAMINOETHYL-N-
BUTYLAMINOBENZOATE
HYDROCHLORIDE, METHOD FOR
PRODUCTION THEREOF AND
PHARMACEUTICAL PREPARATION FOR
ANAESTHESIA OF EYES, BASED THEREON

[76] Inventor: Nikolal B, Leonidov, ullisa
Zatonnava, 13, korpus 1, kv, 158,
Moscow, Russian Federation

Appl. No.: 958,106
{22} PCT Filed: Aug. 19, 1991
[86] PCT No.: PCT/SU91,/00168
§ 371 Date: Dec. 22, 1992
§ 102(¢) Date:  Dec. 22, 1992
(87) PCT Pub. No.: WO93/04034

PCT Pub. Date: Mar, 4, 1993

[30) Foreign Applicstion Priority Data
Apr, 30, 1991 [RU] Russion Federation ... e H527836
Apt. 30, 1991 [RU] Risshin Feferation ... 4577859
(1] Imk CLE ccmmimnsmsmssmssssss. CITC 229/34
Bl WOk i i i i s i v . 560/49
(58] Flehd Of SERIER v.oooooerseocoesaensrssnomemsnnnss SG0/49
[56) References Cited
"PUBLICATIONS

Owens, J. Ass. Off. Anal. Chem. 55(6) 1171-4, (1972).

Home  AboutUs  Technology  Product  Activities

PROJECT-LEOCAINE
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while the crystal structure remains unknown




l. MOTIVATION (2) :

Preliminary
modeling :

Ab Initio
solving :

Post
modeling :

(i) One molecular unit
*. Flexible model

(i) Direct Methods
( Phase Problem )

(1) Molecular Packing
(unit cell known)

%, Crystal structure
prediction

(i) Direct Space
Methods

Monte-Carlo
Parallel tempering

Stability check :
Crystal approximated
by a few molecules
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Il. PREVIOUS WORK (1) : Tetracaine Hydrochloride

C,5H5N,0,*CI-

Inter-
molecular
H - bonds

Novell et al
NJC (2002)

_ A ab initio
Triclinic , from
P -1 \ ) - XRPD

V = 822 A3 ; [ DASH ]

2 - (dimethylamino)ethyl p - butylaminobenzoate hydrochloride




Il. PREVIOUS WORK (2) :

- Giron et al
TCHC polymorphism ( DSC , HT XRPD )

6 anhydrous crystalline forms ... 2 stable at T = 300 K.

« Schmidt et al
TCHC mod.4 ( SXD)

Polymorphism caused by conformal flexibility of the molecules ...

- Hamaed et al
TCHC ( SXD, 3*CI NMR)




Il. Our Experiments (1) :

 Electron microscopy ( SEM )
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Il. Our Experiments (2) :

11-BM beamline @ APS / ANL ( Argonne , USA)




Il. Our Experiments (3) :

TETRACAINE HCI

LEOCAINE jpoly 1

0 2 4 6

2 THETA ( degrees)
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lll. Our Structure Solutions (1) :

B.5802 7.4115 08,6003 00.5451 106.1796

Ietracaine
24 . Lol boad sy lassdan Lo, oogg 1oL 0141 2 Ly, Do
(TCHC) 74.1969 6.8476 18,8008 00.0000 10Z2.0099 ©90.0000

MIx 15 Tthe number of unindexed Tines.

Leocaine
p0|y#1 25,4800 65,2351 10,9345 90,0000 95,8923 90,0000

12.6063 12.6063 76.0181 ©00.0000 90.0000 120.0000 : 1 10586,
NaW 6. 2364 MaM  00.0000 00,0000 90.0000 . 1 HaN

MIx is the number of unindexed 1ines.

Leocaine

p0|y # 2 25.0070 6.0831 11.320L 00.0000 100.0335 90.0000 0. 0000 0 1606.]
2407047 12,104 L 1V N S 1 11 = P o = T = T I A TATATH] [Se]eTee] 1 1siua,

WIx is the number of unindexed T1ines.




lll. Our Structure Solutions (1) :

B.5802 7.4115 08,6003 00.5451 106.1796

[etracaine
4, Laln boedss losogol WU, uuul Loe, 1410 B ool L, U £ alzd,

(TCHC) 24,1965 6.8475 18,8095 90,0000 102.0099 90,0000 -0, 0020 2 3048,
13.6923 8.5669 7.4002 98.778 90.853 106.211 Novell et al (2002)

MIx 15 the number of unindexed Tines.

Leocaine
p0|y#1 25,4800 65,2351 10,9345 90,0000 95,8923 90,0000

12.6063 12.6063 76.0181 ©00.0000 90.0000 120.0000 : 1 10586,
NaW 6. 2364 MaM  00.0000 00,0000 90.0000 . 1 HaN

MIx is the number of unindexed 1ines.

Leocaine

p0|y # 2 25.0070 6.0831 11.320L 00.0000 100.0335 90.0000 0. 0000 0 1606.]
2407047 12,104 L 1V N S 1 11 = P o = T = T I A TATATH] [Se]eTee] 1 1siua,

WIx is the number of unindexed T1ines.




lll. Our Structure Solutions (1) :

B.5802 7.4115 08,6003 00.5451 106.1796

[etracaine
4, Laln boedss losogol WU, uuul Loe, 1410 B ool L, U £ alzd,

(TCHC) 24,1965 6.8475 18,8095 90,0000 102.0099 90,0000 -0, 0020 2 3048,
13.6923 8.5669 7.4002 98.778 90.853 106.211 Novell et al (2002)

MIx 15 the number of unindexed Tines.

Leocaine
p0|y#1 25,4800 65,2351 10,9345 90,0000 95,8923 90,0000

12.6063 12.6063 76.0181 ©00.0000 90.0000 120.0000 : 1 10586,
NaW 6. 2364 MaM  00.0000 00,0000 90.0000 . 1 HaN

MIx is the number of unindexed 1ines.

Leocaine

p0|y # 2 25,0070 6.0831 11,3201 00,0000 100.0335 50,0000 0, 0000 0 16596
ST S N I < T T - A= T I A TO T T = T L= T = TR I S TATO T4 L L 1 1sls.

WIx is the number of unindexed T1ines.
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lll. Our Structure Solutions (2): Flexible molecular model

for Quantum-Mechanical

Tetracaine Semi-Empirical Methods :
( Novell , NJC, 2002 ) AM1 PM3  ZNDO (best)

o’ o’
e
o

-2':,
of ..
®.of

(.8
H




lll. Our Structure Solutions (3):

for
Leocaine

2 more

experimental

models

Tetracaine
(TCHC)

XRPD (Novell,2002)

'b‘,
LN

i\-ﬂ

Tetracaine
(TCHC)
SXD (2010)

_diffrn_radiation_monochromator graphite
_diffrn_radiation_source 'fine-focus
sealed tube’

_diffrn_radiation_type MoK\a
_diffrn_radiation_wavelength  0.71073
_diffrn_reflns_av_R_equivalents 0.0513
_diffrn_reflns_av_sigmal/netl 0.0884
_diffrn_reflns_limit_h_max 9
_diffrn_reflns_limit_h_min -9
_diffrn_reflns_limit_k_max 11

_diffrn_reflns_limit_|I_max 17
_diffrn_reflns_limit_I_min -17
_diffrn_reflns_number 5899
_diffrn_reflns_theta_full 27.44
_diffrn_reflns_theta_max 27.44
_diffrn_reflns_theta_min 3.39

_diffrn_refins_limit k. min -9




lll. Our Structure Solutions (3):

for
Leocaine

2 more

experimental

models

Tetracaine
(TCHC)

XRPD (Novell,2002)

'b‘,
LN

i\-ﬂ
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_diffrn_reflns_limit_h_min -9
_diffrn_reflns_limit_k_max 11

_diffrn_reflns_limit_|I_max 17
_diffrn_reflns_limit_I_min -17
_diffrn_reflns_number 5899
_diffrn_reflns_theta_full 27.44
_diffrn_reflns_theta_max 27.44
_diffrn_reflns_theta_min 3.39

_diffrn_refins_limit k. min -9




lll. Our Structure Solutions (4) :

14/ 30
Theoretical Crystal Model

Packing of
Volecules

in Crystals

( Dzyabchenko , 2008 )
Russ. J. Phys. Chem.

.  minimizes the energy
of the lattice

2 requires :
e the unit cell
- a rigid molecular model




lll. Our Structure Solutions (5) :

OUR STRATEGY :

( Tetracaine Hydrochloride )

The two new polymorphs ( Leocaine )




lll. Our Structure Solutions (6) :

EXPO-2009 ?

WHY : Not enough triplets / quartets ...
... in the Lebail- extracted F(hkl)’'s

( for now ...)

WHY : Preferred Orientation not yet included ...
... in the Monte-Carlo search




lll. Our Structure Solutions (7) :

FOX ' ( Favre-Nicolin , Cerny)
J. Appl. Cryst. 2002

WHY : Preferred Orientation IS included ...
... in the Monte-Carlo search

WORKS WITH TETRACAINE %
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lll. Our Structure Solutions (8) : A TYPICAL FOX SCREEN

Clfystals | Powder Diffraction | Single Crystal Diffraction | Global Optimization I-”F
T 2 i e F i =t
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=) B0
U '\U\* JU
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2theta= -0.04 = -1.89. pixel=#-942 d:-732.910A
h ” " =
Ml Crystai #1 I E@?E
-100<x<1.100 i OptimizationObj #0: -overall LogLikelihood
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lll. Our Structure Solutions (9) : FOX solutions for LEO

Polymorph # 1 Polymorph # 2

b
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lll. Our Structure Solutions (10) : FOX solutions for LEO

Polymorph # 1 Polymorph # 2
b = i.ql. .

- :g??
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lll. Our Structure Solutions (11) : FOX solutions for LEO

Polymorph # 1 : GSAS-fit diffraction data

Leocaine — Polymorph # 1 — 11-BM / USA — FOX solution Hist 1

Lambda 0.4588 A, L—S ecyele 9393 Obsd. and Diff. Profiles
| | | | | | |

Ryp = 0.139

R, =0.104

p

156 variables
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lll. Our Structure Solutions (12) : FOX solutions for LEO

Polymorph # 2 : GSAS-fit diffraction data

Leocaine — Polymorph # 2 — 11-BM / USA — FOX solution Hist 1

Lambda 0.4588 A, L—S cyele 94 Obsd. and Diff. Profiles
| | | | | | |

2
-

R.p = 0.168

R, =0.131

p

144 variables
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lll. Our Structure Solutions (13) : FOX solutions for LEO

Polymorph # 1 versus Polymorph # 2
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lll. Our Structure Solutions (14) : Do they make sense ?

Polymorph # 1 PMC / THEORY




lll. Our Structure Solutions (15) :
TETRACAINE

Showe  hide : [ Columns -] [Fragments.. [peselect all fragments

HO Mogul Results Viewer

Double dick to view result in Mogul

Fragment Classification No.of hits  Query value Mean  Std.dev.  |zscore| |x-mean| |Minimum | Maximum Median | | d{min) |
Cl9N11C18 Not unusual (encugh hits) 793 105.593 110.526 2.520 1.958 4.932 83.958 132.651  110.609 0.000
CI3N12C1 Not unusual (enough hits) 52 123.544 123.352 2.410 0.080 0.192 116.725 126.836 123.738 0.006
C14C13 N12 Not unusual (encugh hits) 140 108.445 111.333 2.828 1.021 2.888 102.176 127.860 111.120 0.004
C15C14C13 Not unusual (enough hits) 375 111.361 114.206 6.035 0.472 2.845 99.956 157.142  113.236 0.002
Cl6 C15C14 Not unusual (enough hits) 10000 113.643 8.886 0.369 28.671 180.000  113.132 0.001
08 C7 C4 Unusual (enough hits) 1592 54 1 2.940 9 6 1 46 8 0.001
Unusual {enough hits) 3 107. 1 482 2123 5.270 1 5 1 0.004

C2C1N12C13  Notunusual (enough hits) 371 -2.818
C6C1N12C13  Notunusual (enough hits) 371 176.112
08C7C4C3 Not unusual (enough hits) 10000 179.083
017 C7 C4C3 Not unusual (encugh hits) 10000 6.007
08 C7 C4C5 Not unusual (enough hits) 10000 -1.982
017 C7 C4C5 Not unusual (encugh hits) 10000 -175.058
C908C7 Ca Not unusual (enough hits) 2181 176.771
C9 08 C7 017 Not unusual (encugh hits) 2405 -10.361
C7 08 C9 C10 Not unusual (enough hits) 191 -171.505
08 CO9C10N11  Notunusual (encugh hits) 590 -73.342
C14C13N12C1 Notunusual (enough hits) 112 175.351
C15C14 C13 N12 Not unusual (enough hits) 1309 178.668
C13 C14 C15 C16 Not unusual (enough hits) 10000 -177.304
e Unusual (encugh ) 92 94.607
) 92 -1

Hy Mogul Results Viewer

Show [ hide : Columns -=] [Fragments...l [Deselect all fragmentsl

Double click to view result in Mogul

MOGUL
[ CCDC]

Type Molecule = Fragment Classffication . . its  Query value .dev. |z-score| |[x-mean| Minimum @ Maximum
Unusual (enough hits ) 7 4,197 7.164 96.366
Unusual (enough hits) 960 06 3.449 97.347
i Unusual (enough hits) 108.056 13. 5 2.090 107.969
= torsion
= 0o01_1
CBO1C7C4 Mot unusual (enough hits) 2181 179.760
C801C702 Not unusual (encugh hits) 2405 0.761
01 C8CINL Mot unusual (enough hits) 590 58.275
CBC9N1C14 Mot unusual (enough hits) 92 -165.363
C8 CI N1 C15 Mot unusual (encugh hits) 92 77.700
C2 C1 N2 C10 Mot unusual (enough hits) 371 20.482
C6C1 N2 C10 Not unusual (enough hits) 371 -159.503
C11 C1ONZ2 C1 Mot unusual (encugh hits) 112 -150.084
C C4 C3 Unusual (enough hits) 0 1 =
Unusual (enough hits)
Unusual (enough hits)
Unusual {enough hits)
Unusual (enough hits)
Unusual )

Median

| d(pmin) |
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lll. Our Structure Solutions (16) : Are they stable ?

LEOCAINE polymorph # 1

|£. HyperChem - leo_USA_poly_2_planar_60_111_opt._031009.hin
File Edit Build Select Display Databases Setup Compute Annotations Scripd

aleloldwlsls ool o=l &lmsm @ e

Hyperchem / PM3
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lll. Our Structure Solutions (17) : Are they stable ?

LEOCAINE polymorph # 2

-
&, HyperChem - leo_USA_poly_1_planar_66_211_opt_conv_bis.hin
File Edit Buld Select Display Databases Setup Compute Annotations Script T

SOILO el |a] ANOID| Die|d| & |%/@] &7

Hyperchem / PM3
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lll. Our Structure Solutions (18): Intramolecular H-bonds ?

Intramolecular hydrogen bonds: common motifs,
probabilities of formation and implications for
supramolecular organization

(2000

k H. Allen,”

(d1]

Figure 2

Intramolecular motifs found in =25 structures.

Leocaine : poly # 1




e Freeze-drying TCHC generates a new unknow polymorph:
Leocaine #1

e Leocaine #1 exposure to intense X-ray beams [ synchrotron , 27 keV ]
produces a second new polymorph: Leocaine #2

e Structure solution with :
Index [ N-TREOR-09 / EXPO-2009 ] ; Solve [ FOX ] ; Refine [ GSAS ]

e FOX requires a flexible molecular model:
(i) Molecular Modeling (ii) XRPD [ TCHC , 2002 ] (iii) SXD [ TCHC ]

e Why FOX works better than EXPO-2009 on Leocaine ...
... Preferred Orientation is included in the Monte-Carlo search

observe Leocaine #1 . Leocaine #2 transition




: IC-CNR, U. Bari, Italy
N-TREOR-09
EXPO-2009
IL MILIONE

: GSAS [ R. Von Dreele ]
FOX [ V. Favre-Nicolin ]
MERCURY [ CCDC ]

: Newton Square, PA, USA
my participation ...
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