Chiroptical Spectroscopy
Theory and Applications in Organic Chemistry

Lecture 8: Vibrational Optical Activity, part 2

Masters Level Class (181 041)

Block course, october 2020
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Absolute configurations from VCD spectroscopy
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(AG,4e¢ = 0.0 kcal/mol, 64.5 %) (AG,e5 = 0.4 kecal/mol, 34.2 %)
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Exciton coupling for VCD

Requirement: Two identical coupled oscillators, e.g. C=0 stretching
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Exciton coupling for VCD

Pro: Works quite well even if VCD is
generally weak, as C=0 is
often the strongest band
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Exciton coupling for VCD

Another well-separated coupled IR-chromophore: C=N stretching mode
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Solvent effects: Monitoring conformational changes
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C. Merten et al., PCCP 14 (2012) 12884-12891

So[vent-dependent preference of A/A isomers C. Merten et al, Dalton Trans. 42 (2013) 10572-10578

C. Merten et al., Inorg. Chem. 43 (2014) 3177-3182
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Inducing VCD intensity to solvents

camphor — chloroform C-D stretching
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Helical structure of perfluoro-alkyl chain
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VCD enhancement effects
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Dypo = IﬂOnl2

Ry = Im{pgy - My}

There is no direct correlation between IR and

VCD intensities!

VCD can be enhanced if mdtm is increased:

= Electrochemical reduction

= Variation of metal ions in transition metal

complexes: diamagnetic - paramagnetic
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Challenges of solid state (V)CD

1 0 0 CD
_10-a»( 0 1 0 O s
Mepsampre = 107°%( g 5 7 g Mgeaisampie = 10740
cD 0 0 1
Sycp = CD +0.5(LB -LD"— LD - LB")

Problems of solid state measurements:

=  Sample can exhibit LD, LB, CB due to
crystalline structures

= Conformational distribution difficult to predict
... amorphous powder = solution phase ?

= KBr hydroscopic, additional scattering of
pellet, reproducibility ...

»oolution*: Rotate sample
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VCD in gas phase: The example of PO

Challenges: Low optical density
Not many samples with high vapor pressure
Analysis of spectra
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Vibrational ORD?
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Vibrational optical rotatory dispersion
(VORD)

Ag x 108

can be measured using a regular VCD
spectrometer (after some changes to
the optical setup and signal processing)

Ag x 103

can be calculated based on rotational
strength of VCD transition (ORD and
CD are generally linked through
Kramers-Kroning transformation)

has not found important applications yet
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Summary: A comparison of the three main tools

VCD ECD ORD
(aR)-Vanol
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Simulation ,easy*, as only Simulation more elaborate as
ground state is required electronic excitation energies Qualitative curve can easily be
required calculated
No special chromophores
needed UV/vis active chromophores No special chromophores
required

Often available in OChem labs
Often available in OChem labs
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VCD signatures of peptide secondary structures
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VCD signatures of peptide secondary structures

Advantages:

» |nsensitive to side groups (especially no overlap of 13 labeling of

aromatic side groups with important chromophores) AC-AAAAKAAAAKAAAAKAAAAY-NH,

= Local interactions such as B-turns 127 a ,“\\ Unlabeled
T . . AN C-terminus
= Possibility of isotope labelling & 5l N-terminus
< 4.
Disadvantages:
= Water is not a good solvent for IR/VCD 01
4 -
= Use of D,O might shift important bands (amide Il)
s O
58 3 \.
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Raman Optical Activity (ROA)

Schematic representation of the two most important ROA processes

Incident circular polarization (ICP)

Al, = IR —IL

Scattered circular polarization SCP)

AI® = 1§ —If
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Four forms of ROA

L. A. Nafie, Annu. Rev. Phys. Chem. 1997, 48, 357-386
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Some ROA applications
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ROA of natural products

A. F. Monteiro, J. M. Batista, M. A. Machado, R. P. Severino, E. W. Blanch, V. S. Bolzani, P. C.
Vieira, V. G. P. Severino, J. Nat. Prod. 2015, 78, 1451-1455

~ “COOH Z “COOH

Calculated ROA 1472 Calculated ROA -
1 164 1352 iR 1698
OH | iy o8 8 e P e Ty PR T el & seaed D
Sl 0 1672 % b
— 1448 - Y 1288 1320 1488
. | 1296 . . e | ; :
. Observed ROA 1468 5 - Observed ROA .
1161 szw 1459 :[5"10
Lo s 1649
1319
| 1 | 1 = 1488 1
Calculated Raman Calculated Raman
__I _-l .....................
+ RS e | meEEaad + ] ] 1
_ Observed Raman Iﬁ 10 _x | Observed Raman 15 < 10°
| 1 | 1 1 1
1200 1400 1600 1800 1200 1400 1600 1800
-1 =’
Wavenumber (cm ) Wavenumber (cm”)

M Chiroptical spectroscopy | Prof. Dr. C. Merten 220



ROA of peptides and proteins

Advantages of ROA for proteins:
= \Water does not affect the measurement
= ROA sensitive to local environment

—> pattern of secondary structures additive!

M Chiroptical spectroscopy | Prof. Dr. C. Merten

[
m_

Wavenumber {erm™'}

{(a) a-helical poly(L-lysine) N
A [
, i ~ I {3
e "Ir' l,l'l Il || fl 5
it VAL AR
: - e _JI \‘\__,,/’ '\\
| 83x10° ~
946
112 1297 || 1640 1L655
) . r\'\,_‘_ ) .'H .')‘ |II | | '\\‘f
0 [t S e [ T '“"ui e
1112
- _ 1088 1625
| 48x10°
(b) disordered paly(L-lysine) .-
/ AN ll' /7
o \ 1
'P\‘ .ff T ¥ II" ; | Il"' _/'; II'
. R e 1% “._r'l ‘\_f\-l] -w_'_ > '|\
T i i
| 11.3%10
[ o, 1298 (/1319
| BRA 1054 [ 1673
L i Aoy RN f .f!\\
] ".'?’.x:.:':\x_.’a'll..'?ﬂ- III\__."J o T \f.l i & Al
[ 45%10° 1214
(c) p-sheet poly(L-lysine) i
- ||I |
I -"IM' 'III\'- ,\ |:|| / ||
™ AN N A
\\-. ! A A | 3 \
- N A~ N
8.1 x10° i
ROA 1047~ _",1260 1564 1626
SO SN 1as | 1880
| -"I_'L':'M"' lJl\h_.\l || . [ ‘Il n L I
0 Bt —2 R T o M s
| N VT
Ly { l." 1
P ; 218 AL 1811 064
| 1.8x10 1351 1 s =
800 1000 1200 1400 1600

221



ROA of carbohydrates

Differentiation between o~ and p-glycosidic linkage
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ROA of virus RNA!

Cowpea mosaic virus

Protein shell consists of icosahedral shell and RNA

Comparison of empty shell and full virus, i.e. calculation
of the different spectrum reveals ROA spectrum of the

encapsulated RNA!

Methods 2003, 29, 196-209
J. Gen. Virol. 2002, 83, 2593-2600
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Outline of the lecture

Dates topics

Monday Introduction
Polarization of light

Tuesday Theoretical basis of optical activity
Optical rotation

Wednesday Circular dichroism

AN NN Y RN

Circular dichroism

v Thursday  Vibrational optical activity
v Vibrational optical activity

Oct 227 applications

L your part
Oct 297 applications
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