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Some definitions

e Absolute Configuration -> spatial arrangement
of the atoms for a chiral molecule (R/S, P/M or
D/L assignment).

e Absolute Structure -> spatial arrangement of
atoms in a noncentrosymmetric crystal
structure (unit-cell, space group)



* Chiral molecules

Molecules that cannot be superimposed with their mirror image

 Two mirror images of a chiral molecule are called enantiomers,
they are optical isomers

Determination of absolute configuration -> handness of the
molecule



Origin of chirality

* Asymmetric carbon atoms (R/S)

OH

e Axial chirality “ ‘
‘ . ~OH l
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* Chiral Propeller Arrangement (P/M or A/A)
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Helicenes




In the solid state

e Chiral molecules can crystallize as an enantiopure bulk sample or
as a racemic mixture.

* For enantiopure crystals = Space group restriction:

Only 65 space groups allowed for chiral molecules:
No Inversion Center / No Mirror / No Glide Plane

These include 11 pairs of eniantomorph space groups
(screw axes of opposite handedness)

eg: P4,/P4, or P6,/P6.
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Racemic mixture In the solid state

1) Conglomerate: a mixture of well-resolved crystals of both
enantiomers

Chiral space group
Individual crystals have an @@gg@ <9>

optical activity 5-10 % @® @

2) Racemates: One type of crystal containing the two
enantiommers in a well defined stoechiometry

No optical activity . .
Usually centrosymmetric
space group 90-95 % @
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Racemic mixture In the solid state

e 3) Inversion twin : twinned crystals of both enantiomers

Chiral space group %
2 GBI

S

* 4) Disordered solid-solution: Crystal containing the two

enantiomers in a disordered arrangement.
Usually centrosymmetric
space group RSRSRRRSRS
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* Louis Pasteur Experiment (1848): Separation of the two
enantiomers by the visual sorting of crystals of a conglomerate

COOH
HO—-H

H—{-OH

COOH

HO,, _COOCH

X

D-(-) levotartaric acid

HOY "COOH

COOH

H—-OH
HO——H

COOH

HO_ COOH

Y

HO™ ™~ COOH

L-(+) dextrotartaric acid

{ Cauche. )

Sodium ammonium tartrate cristals



COO
NH;*

Cl

(S)-1-phenylethanaminium

COO
C

Cl
*H

(R)-1-phenylethanaminium

P2,/c




Powder diffraction
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The two eniantopure samples and the conglomerate give the
same powder X-ray diffraction pattern



Powder diffraction
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Polar structures

Achiral molecules can crystallize in chiral and non-centrosymmetric
space groups
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Helical arrangement of SiO, tetrahedra in a-quartz (P3,21)



How we determine Absolute Configuration ?

e Method 1 : Internal Chiral Reference

e Method 2 : From Absolute Structure



Absolute configuration from
an internal chiral reference

Co-crystallisation with a compound of known absolute
configuration

Iding et al.,
Tetrahedron Asymmetry 14 (2003) 1541-1545




Absolute configuration from Absolute Structure

* Method based on the anomalous scattering
* Friedel’s Law is not respected:

F(h,k,1) = F(h,k,I)

 “Heavy” atom should be present:
Light atoms usually show only a small anomalous
dispersion effect

2
18 Anomalous Scatiering Faclors

16 — Copper Radiatoin
: — Molybdenum Radiation
omi

MoKa.: element>P (15) .
CuKa: element>0 (8) =




Absolute Configuration from Absolute Structure

Refine the structure and its inverse, compare the R-
factors

Calculated pairs of reflections hkl vs hkl
(Friedel /Bijvoet Pairs) can be examined

Refinement of the Flack Parameter X

calc

calc calc

(h,k,1) = @=x) | (h K, D[ -

(h, k |)\
0<x<1

Diffraction from a crystal twinned by inversion



Reporting absolute structure

Report X and its esd u

If u>0.3:absolute structure cannot be
determined reliably.

O<x<1
X =~ 0: correct absolute structure

X ~ 1: wrong absolute structure = invert
structure!

X~ 0.5: Inversion twin



Refinement in Shelx

rms sSigma 0.0o0 O.0oao 0.0aa0 o.0z0 a.0oao 0.0o0 O.0aao 0.0aa0 O.0oao a.oao 0.0ao
rms deviation 0.0o0 O.0oao 0.0aa0 o.010 a.0oao 0.0o0 O.0aao 0.0aa0 O.0oao a.oao 0.0ao
FooF = 3 = 1.028; Festrained GooF = 1.0z20 for 21 restraints

Weight = 1 / [ =Sigma™2 (Fo“2) + ( 0.0337 *+ P "2 + 0.22 * P ] where P = { Max ( Fo*Z, 0 ) + 2 # Fe*z ) /3
Fl = 0.0268 for 1243 Fo > 4sigi(Fo) and 0.0268 for all 1245 data

wR2 = 0.0683, GooF =5 = 1.028, Pestrained GooF = 1.020 for all data

Flack x parameter = 0.06853 with e=d 0.2363

Expected wvalues are 0 (within 3 ezsd's) for correct and +1 for inverted absolute structure.
Note that this rough estimate ignores correlation with other parameters; if the

above wvalue differs significantly from =zero, it is ESSENTIAL to test the

inverted structure or refine ¥ as a full-mwatrix paraswteter using TWIN and BASF

Occupancy sSum of asyimmetric unit = 11.00 for non-hydrogen and 9.00 for hydrogen atoms

Principal mean square atomic displacemwents T

0.0232 0.0247 0.0195 c1
0.0299 0.0Z266 0.0193 CZ



Refinement in Shelx

L.S. 4

BOND $H

TWIN

BASF 0.1

FMAP 2

PLAN 5

ACTA

WGHT 0.033700 0.22360

FVAR 0.63488

MOLE 1

Cl 1 0.520368 0.124011 0.630898 11
.02473 -0.00013 0.00023 -0.00137

C2 1 0.331654 0.188750 0.637001 11
.02943 0.00099 -0.00139 0.00077

AFIX 13

H2 2 0.279971 0.174102 0.556762 11

AFIX 0

.00000

.00000

.00000

0.01969

0.01956

-1.20000

0.02799

0.02677



Refinement in Shelx

L.S. 4

BOND $H

TWIN

BASF 0.0674

FMAP 2

PLAN 5

ACTA

WGHT 0.033700 0.22360

FVAR 0.63488

MOLE 1

Cl 1 0.520368 0.124011 0.630898 11
0.02473 -0.00013 0.00023 -0.00137

C2 1 0.331654 0.188750 0.637001 11
0.02943 0.00099 -0.00139 0.00077

AFIX 13

H2 2 0.279971 0.174102 0.556762 11

AFIX 0

.00000

.00000

.00000

0.01969

0.01956

-1.20000

0.02799

0.02677



Refinement in Shelx

_refine ls matrix type full
_refine ls weighting scheme calo
_refine ls weighting details
'cale w=1/[Ys"2* (Fo*2*)+(0.0337F) *2"+0.2236F] where P=(Fo*Z*+ZFc*z*) /3"

_Aatom sites solution primary direct
_atom sites solution secondary difmap
_atom sites solution hydrogens (= m)iil
_refine ls hydrogen treatment wixed
_refine ls exXtinction mwethod none
_refine ls extinction coef ?

_refine_ls_abs_structure_details
'"Flack H D [(1983), 487 Friedel Pairs'
_chemical absolute configuration rmad

refine l= abs structure Flack O.10(2)
_refine ls number reflns 1245
_refine ls number paramebers 120
_refine ls number restraints 21
_refine ls R factor all 0.0268
_refine ls B factor gt 0.02e8
_refine ls wR factor ref 0.06858
_refine ls wk factor gt 0.0688
_refine ls goodness of fit ref 1.0258
_refine ls restrained 5 all 1.021
_refine ls shift/su max Q.aoo
_refine l= shift/su mean 0.oo0

loop
_atDmLsitE_lahEl



Hooft parameter

Hooft R. B. W., Straver L. H., Spek A. L. Determination of absolute structure
using Bayesian statistics on Bijvoet differences. J. Applied Cryst. (2008) 41,
96-103.

Run SHELX without refining the Flack parameter.

Generate the CIF file and the corresponding .fcf
reflection file (ACTA instruction).

Run PLATON and open the CIF File.

On the Graphical Menu, select the “ByVoetPair” option.
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Absolute Configuration from Absolute Structure

Once you have determined the absolute structure and
the absolute configuration of the molecule, you should ensure
that the bulk sample is eniantopure i.e. contains only the
eniantomer found. (eg. circular dichroism, chromatograpy)

Useful References:

H.D. Flack, G. Bernardinelli, Absolute structure and absolute
configuration. Acta Cryst, (1999) A55, 908-915.

H.D. Flack, G. Bernardinelli, Reporting and evaluating absolute
structure and absolute configuration determinations. J. Applied
Cryst. (2000) 33, 1143-1148.

Thompson A. L., Watkin D. J. X-ray crystallography and chiralty:
understanding the limitations. Tetrahedron: Asymmetry (2009) 20,
712 - 719



