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1 Chiral Discrimina‘tig_g__,
& NMR"Spectiroscopy

SiiialfderVatizing agents

® [ jguid crystals




SiliINDErVatizing AGERtS*

S0l covalent bond between an
gplically pure reagent and the compound
QIpIALErEst

B — —
e
[
i =
T i—
- - o —

= CDA + (R)-Sub = CDA-(R)-Sub
| CDA + (5)-Sub = CDA-(S)-Sub

e Resulting compounds are diastereomers




shilral DischiminatingyAGEnts ™

5 J\Jd'e Acemization

— | 0 kmetlc resolution
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~® Need 100% optical purity of the reagent if
using for the determination of
enantiomeric excess
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SilieFSolVating Agentspss

PREOIIINIONECOVAlENt INLEractions DEtWEen an
gpuiEally purereagent and the compound: ofi
IILERESE

CSA + (R)-Sub = CSA-(R)-Sub
CSA + (5)-Sub = CSA-(S)-Sub

—® Resulting compounds are diastereomers

e K,and K are likely different — causes different
time-averaged solvation environments




Chiral Selvating AgENtSIs s

SNEIErabIe 1o Nave fiast excnange

PMHIgh concentration of CSA usually leads to
= larger discrimination

s
e
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® Often see enhanced enantiomeric
discrimination at lower temperatures
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RSSIEIINGI Abse)uterStereaehEmISty™

SVIEGHERISM! Off discrimination Is'understood and
shiaracteristic shifts occur in the spectrum
‘}’:—* common with certain families of chiral

B Gervatizingl agents

— ....,5_, “Possible with some chiral solvating agents
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~® Empirical trend

— Best If use known model compounds as close as
possible in structural features to the unknown




BATVIECONtaMINg Carboxylic Acids
SAICONOIS aNERAMINES
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S
AyIEContaining . CarboxylictACias™

J JVJ r PA = - methoxy -
oromethylphenylacetlc acid
2 J\/J‘: AR=S0-methoxyphenylacetic acid
S -AMA O-acetyl mandelic acied
_-,_:_-__3_"CFTA = o-cyano-a-fluoro-p-tolylacetic acid
@ /\\Boc PG = Aboc phenylglycine
s MaNP = 2-methoxy-2-(1-naphthyl)propionic acid
s 7-/9-AMA = a-(2-anthryl)-a-methoxyacetic acid




- Masher Mdétlhod/Modified Mosher Method

Prepare derivatives with (R)- and (S)-forms of

> reage
yi-periplanar arrangement of HC-O-C(O)-C
atoms (secondary alcohols)
=Calculate Ad*> values — negative for L,, positive




ASRS 7 5 3 HL
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Me(10) Me(8) Me(9) H

MTPA 0.07 -0.017 -0.04 Position MTPA MPA PPA

1 0.07 0.19 043

' 0.03 0.12 0.20
0.09 0.14 0.8
.04 0.02 0.03
0.07 0.14
0.06 0.13
0.04 0.10

MPA 0.05 -0.021 -0.26 %
3
10 4
10, p
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— PPA = a-phenyl-
= propionic acid

e
J_‘

=
S —— = =l
- e o
=
— e
. P
——

- -

Ad*> depends on:

-Degree of conformational preference/how it
influences the shielding
-Size of the shielding (anthryl > naphthyl > phenyl)



Sev_e' dary~AlceNoIS

J AT MTPA (conformatlonal preference
Wat produces greater difference in
Sill Idlng)

ESHVIPA — early synthetic procedures — high
== degree Of racemization

~ e Better procedures for MPA derivatization
NOW. EXISE

e Mix and shake method




.

1PA derivative

2.7 Hz differential shielding for the methyl group
9-bonds removed From the chiral center




E SEOlF temperatlre s

oIglY PATCErVatiVes ol secondary alcohols,
BIWErng the probe temperature by about 100 K
('rr' 175-200K) approximately doubles the A&RS
- Va IUES
; '!:‘#ters conformational preference further toward
= the spform

& Can measure Adr, 1, values as a confirmation of
stereochemical assignment

¢ Effect not as pronounced with MTPA or AMA




sp-Ba*? complex

T

sSSEarium-Method
VIPA/secondary: alcenpls

ap-Ba*? complex

Barium binds in a chelate
manner with the ester and
alters the conformation
preference toward the sp
conformer.

Leads to enhancement in
the shielding and get larger
ASRS values.




L3(hfa), method with MTPA

Secendary alcoReishs

: 2 _4OMe
“ ,
CF

(b)

OOOOO

Chelate bonding of the
La reverses the
orientation of the
phenyl ring and the
shifts of the hydrogen
resonances

This reversal in shifts
can be used to confirm
the stereochemical
assignment



i/ A/9'-AMA — Linear Vs, GYEliCas
SEeconddary:carbinels




VEINPA(SEcondary alconpls)

- OCH3

H3C——C—COOH

-AdR> about 4-times greater than with MTPA

-Less prone to racemization with methyl group
on chiral carbon




IAN(Secondary alconols)

e =

i e

R

=¥ he ASRS values are typically 2-times greater
than MTPA

e Much faster reaction than MTPA with
hindered compounds

e H and °F NMR can be used
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'CRTA - Conformational Preference
~ syn-periplanararrangement

CFTA ester plane




Seﬁ_e' daiyAPiels and-PelyeIS

[f J PUPS are far enough apart can
rmlne the configuration off each group
Jreependenﬂy

=
-.—r'-'-h-'ﬁ"'-

e If dgroups are close together, bound
réagent may influence the shielding or
deshielding at more than one site
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—
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VAN DiolSy

SWENSIST Of (Sy/7 and: ariti):
~1,2-
'-','3_

e
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= — 1 5-diols with known configurations

—

® Observe reproducible trends that can be applied
to compounds with unknown configurations




Primary. Alconoisy

.

5 MITPZA=C el
NCFTA ¢

MPA - Unreliable




r wiai Alcehols

(S)-2NMA
(R)-2NMA




SEEeNEaRy. AmINes

SNVNIPA,

O
“ |
| MTPA

s
= _‘ MTPA
i _-_.‘-:___--_ x —

"~ 5 14, had a ASRS of 2.44 ppm!
- 8 \/glues so large only need one MTPA
derivative (use (K)-acid chloride since more
reactive than (5)-acid chloride)




Sy, Amines — o-substititeais

SVINIPA givesilarger Adk> values than MPA or
AV A VP AT MIdES iavergreater™
pererence for the sp conformer than
rved With esters.

":

= PG preference for gp conformer — typical
" “Ad*5values are 2- to 3-times larger than with

MTPA
——

@)
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AigANVIELOXyReagents=sSummary™

SVenlarger Ao > values = either through
rig)s iconiermationall preference or larger
el OMmatic ring (shielding)

—F alues should all be positive for one

R
:'_j_l.
 —

— = éubstltuent (L,) and negative for the other
(L)

® Need resonances in both substituents




2 ""(R) and pro-(S) positions of a-deuterated
piimely and secondary alcohols

® Primary amines as well




- 2,3-Aﬁfh‘|“'a-cenedicarboximido)-
s6IPIERENE CalboXylic acid

.
o

L

_-_;. of primary and secondary alcohols -
ecially effective for compounds with
smotely disposed chiral centers




S
-Trlfluoro 1-(S-anthryl)Ethanolis

(TFAE) (Pirkle S AIcohoI)

H
F3C——C——OH

Versatile chiral solvating agent
-Can determine optical purity
-Can assign absolute configurations for
certain classes of compounds




.\\\\\\CH3

H/ I-propyl

(R, 9

Amino Acids




;\55 solUte Configurations= TEAE™

.

- Oxaziridines Imines




A= ERgntiomeric Purity

2,3-diamino succinate — methine
signals for meso versus dgFisomers

-

== Axial Chiral Compounds




FAE™ Enantiomeric PUrity

ﬁ

Ph P(OCH,CH3),

(OCH,CH3), \\\\\
-+
N

O\/N
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- Aleorldfs aé CDASs for CarboxylIcHACIGSHS
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® 7-(2,3-anthracenedicarboximido)-1-cyclohexanol




yeesIaation Shifts

REEEINSECONEaRAaCORNGIMVItINDgIlCosE 6r
DETIENNOSE
SreReUnced differences in the 13C NMR
BEBECLrum that correlate with absolute

Tﬂ'nﬂguratlon — see trends in both sugar
= and alcohol resonances

® Also see differences in the 'H NMR
spectrum of secondary alcohols with tetra-
O-acetylglucose




s
RS aNd [5-1L-Fucolilranosidesanais
& Arabinofuranoside

SUSENElidacetate derivative off sugar
Elieloinoreasier to prepare)
SRREZCtHWItAI secondary or tertiary
":aﬁcchol
-‘Eﬂ ®EAlSo works with 1,2-glycols
~ » Alkaline hydrolysis of acetate groups

¢ Sege differences in the 'H and 13C
spectra of product that correlate with
absolute configuration




’-iﬁiif:lroxy-l I"DinaphtiEness
- (BINOL) '

oIS iall chiral soIvatlng ©©
auEnierseveral classes of

U pstrates including alcohols

OH

1/ OH
— |fOXIdeS selenoxides, @O

= f'-ctammes ketones, amides,
—and amino alcohols




Zhe-2,3-diol/Buitane-2,3zthiolk

eliirallderivatizingjagent for the analysis of
sigliici FRELONEST = PrOAUCE GIaStErE0mENCTkeEtals

. —
_—_,.-'
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— -"'.h..

| = '?or cyclohexanones in the chair conformation,
~the 13C shifts correlate with absolute
stereochemistry




FA, EA and AEA

CH3CH—NH; CH3CH—NH, CH3CH—NH;

‘

Ul with carboxylic acids

thiral solvating agent — formation of diastereomeric salts
&= chiral derivatizing agent — formation of amides — can assign
' e absolute stereochemistry with certain compounds




PEA, NEA and AEAs

> Priogonlditisielietlelels

SRPiBsphonic acids
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= sS(lfonyl chlorides

® [socyanates




MEAYNEAand AEA -sKketones™

o Matnjeell
SEonvert toacid oxime using NH,OCH,COOH
=Add NEA to form salt — see discrimination

-i'-.

-—-
-|l--
e

= Method 2
~  —Reductively aminate the enone with PEA
perchlorate — see discrimination in products




PhenylgiVeine methyliester and dimethyl
amide (PGME) - -

|
HsCO——C——C——NH,

Absellte conliguration: of
carboxylic acids — AdRS Vallies

| , Ubstituted

PGME (PGDA) plan

PGME plane
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LS

- exdmples




-Dlphenyl 1,2-diamINOCEIENE.

CH HC

@@




Y SSUbstituted 1, 2-diphenyiFiy 2=
= diamiRGEethane

-
.

eacts with Aldehydes
*=forms the corresponding imidazolidine
B -Can be used to determine enantiomeric purity
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An:TE:I'és as Chiral Solvating Agents
Soluble Pirkle LC Phases..~

5D itrobenzoyl)- - |
aylethylamine (DNB-PEA) @

5-Dinitrobenzoyl)-L-leucine

3-methyl-1,2,3,4-tetrahydrophen-
Anthrene (Whelk-O-1)



HIE5PHONUS-Dased Reagemtist s

o P'( V) rezlgernits (P=C)of P=5) cjfglie
J H(__ )ireagents

5 B ) ieagents are more stable than P(III)
= _gents put usually have smaller enantiomeric
,5-_;_-_ ISErHmInation

—

e 31p sighal usually monitored — splits into two
singlets for the two diastereomers for
derivatizing agents
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(V) Reagents - Examples ™

——

-Alcohols and amines react at the chlorine atom

-Primarily used for determining enantiomeric purity




1"-._.&
~ Configurational analysis of thiophosphate
at is chiral by virtue of

2Nt oxygen isotopes

T
e P\

180 and €0 in the
bridging position have
different effects on the
shift of the phosphorus
resonance




2OSPNINOLNIOIC ACIUS

-

Phy, ~ _-S—H—O
O
'___,__,,:_"R O——H----S

Ph

i e e

—

[ -_—
— —

"I_Effective chiral solvating agents for:
-Phosphine oxides -Alcohols/Diols
-Phosphonates -Amines
-Sulfoxides -Thiols
-Amine oxides -Amino alcohols
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QY EREAJENTS
R2 El | R R,Ll
I N I N
R2 N/ R? N/ \CH3
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=Primary, secondary and
— —tertiary alcohols
_-Thiols
-Carboxylic acids

-0-hydroxyphosphonates

Phos19 Phos20
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_ HUIFREagEnLs

R

O\P —Cl
| o/

R

222222222222222222

e
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T

=P mary, secondary and

— ﬁtertlaw alcohols
-Prlmary amines
-Carboxylic acids

PPPPPPPPPPPP
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5] HELOL Phosphité

-Primary and secondary
alcohols

-Phenols

-Amines

-Carboxylic acids
after coupling to
2-aminophenol

CHs

)\/\/\/\/OH
Ph




RISPHAT, BINPHAT, BINTIROP




- IR PHAT = Metal Complexes,

X




L RIGPHAT, BINPHAT = Other Cations




L BINTROP .
B limited stlidies on anions

N
O/ \o t-Bu




oh?iQUration ofPhosphates

SRRIEEIEE (Cy/clize) with
orogale=, Z=clid)

) M JBact (cyclize) with
:-_.J, NS)-2-10d0-1-

—

— phenylethanol




Selenium-containing| Reagent
= 7S NMR

-Carboxylic acids — react at NH group

-Alcohols and alkyl halides react at selenium
atom

-Amines with triphosgene react at the NH

group

R-OH or R-Br

M

Effective for compounds with remotely disposed chiral
centers — because of shift range of 7/Se NMR




0=, 5= and y-Cyclodextrins
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— Native — underivatized
= -Water-soluble
— -Effective for water-soluble substrates
-Determination of enantiomeric purity
-Substrates usually contain an aromatic ring
(phenyl or bicyclic)




SESEyclodextiins

==

—_

aethylated cyclodextrins

3-Derivative is more water-soluble than native B-CD

badly applicable for determining enantiomeric purity
specially useful for the analysis of allenes

R\C:C:_—C/R
/ N\
R2 H
Carboxymethylated (-CH,CO,") cyclodextrins - Anionic
-Especially useful for organic cations
-Can add paramagnetic lanthanides — these
associate at the carboxy group and cause shifts in
the spectra that enhance the enantiomeric

discrimination




“SCrown Ethers -
8-Crown-6)-2, 3 11 12-tetra’carboxy|ic acid

HOOC:::[:: :::[::COOH

HOOC COOH

-As hydrochloride salts

-As neutral amines (neutralization
reaction with crown ether)

-In methanol, acetonitrile, or water
(usually best in methanol)




e

"“Crown Ethers : =

E———

8- rown-6)-2,3,11,12-tetracarboxylic acid

I for secondary amines
» neutral amines (neutralization reaction with
“rown ether)
-In methanol
Effective for pyrrolidines, piperidines, piperazines,

i
i

— -

— — alkyl aryl amines

—




gclix 2] résorcarenes

Sulfonated analog with L-proline

-Water-soluble

-Effective for mono or bicyclic
aromatic compounds — singly or
ortho-substituted




— W

FEuanide&7s(b-diketenates) ™

|

Organic-soluble




SESiialBlEdfior a wide range of hard LewisBasesI =i

GEN- and nitrogenteontaining compounds —
HELCIRCEmPIEXES WikibBIRdING dreupS N ligands

o
-~

o el agnetism of lanthanide ions does cause
IIOACENING — worse at higher field strengths

g Uscia lower field instrument (300 MHz or lower)
= ——*:Run 15C spectra
= Use Sm(IIT) chelates
~ — Use a polar solvent
— Warm the sample (50-75°C)
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Shiliialization” off XENon,. .

~

OMe MeO

- =

(CHZ) (CH )2
OMe MeO

N Yalat

-Racemic cryptophane binds xenon in the cavity
-Addition of Eu(hfc); causes the appearance of
two 129Xe signals




p—
it anides - Absolute Conﬂg_uratlou.._
| Empitical liiends

SWAyIRayl carbinols
SRBEZhydroels
SRPPARyIoxypropionyl derivatives

ESEAmine acid methyl esters

P

—

— % Menthyl butanoates

-~ 8 /A\rphthaloyl-a-methylcyanoglycinates
® | actones
® Epoxides and arene oxides
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- SecC déry and Tertiary CarsiReiss

SAUSEPr(hfc)s
SRVEgslET RNV RFSPECLUIN
PNEXEMINE SHIftS of neighboring carbons

SNIGrisifor diols as well if separated by two or
EI0rE Carbons

e Rq OH
. .)\. y AN = Ay pr(ifcy3 = DO(s)-pr(tic)3

a-orientation
AAS = negative

B-orientation
AAD = positive
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BipuUciear Lanthanide-Silvers

i
e —

REZGERLS

A(B-dik); + Ag(B-cik) = [Ln(B-cik),Ag

O Ef re ct|ve fior soft Lewis bases
> — Oleflns

i
...-—
e

= ‘Aromatics
- — Alkynes
— Phosphines
— Halides (iodide and bromide)




-

-,

-\
Binucliear Lanthanide-Silver ..

-

—

L Reagents™ @rganic Salts

_.ik.)4]Ag + R*X" = [Ln(B-dik),]JR + AgX(s)

o Ammonium salts
® [sothiouronium salts
® Sulfonium salts




SEERthanide Complexes

Water-solubles s
BhiElEtes oft pdtal (anioniciligand)

CO,H
HOZC—\ /
002

HOZC

Cr elates of tppn (neutral ligand)

—— ..
_;;F -
e
——

——
[l L-—u-
a—
_-——

® Effective for carboxylic acids — absolute
configurations of amino acids




all"alum-Amme Dlmers

O / |\ e
Pd\ N 3: ‘ ; A
i \pd \
=" \
; "‘""' -_ trans

—--"'.l-..f.:.-—-

— -Mono- and diphosphines blnd to the paIIadlum
- -Can use for enantiomeric purity and absolute
configuration (often with NOE data)




-Alkenes and alkynes can displace the
ethylene ligand
-Enantiomeric purity




S
datinum-Amine CompleXess s

Covalent and Jonic

-Oleflns and allenes displace the ethylene group
~ -Measure 195Pt signal - used for enantiomeric purity
-Substrates have two prochiral faces

-If only one face binds — two 19°Pt signals

-If both faces bind — four 19°Pt signals




CDA Am enantiodiscriminated
substrates

latinlm-Amine

— N /C| Ph
-~ - Pt s unsaturated ethers
CorriolasEs ™\ N
" cis

Ph
Hin selected cases of allenes
Me NH,
1-Np Me
Sl allenes, olefins, vinyl and allyl
ethers
N 1-Np
H

B-olefins

a-olefins
NH
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RiodiumDimer WithpIPAT=

Olefink
PIIOSPIINES
AiRelkylselenides
ZiEsphINeE selenides (P=Se)
=== Josphorus thionates (P=S)
= %Zhosp q0lene and phospholane chalcogenides

- Spifochalcogenuranes
Alkyliiodides, diiodobiphenyls

Nitriles

Oxiranes
Oxatriazoles, thiatriazoles, tetraazoles




.

VAIEAROephyrins (Tweezen)

Especially effective for bifunctional substrates (diamines)
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patabase. FecChRiGUES

—
-

PEEC 01 IH shift

H
HsC——C——N——CH;

N -Dlmethylbenzylamme (DMBA)

-‘-:'-'3 Bis=1,3-methylbenzylamine-2-
methylpropane (BMBA-pMe)

N =
'J——
_—
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Stiictural Motifs

[ ——

.
oo

Prepare and examine all
possible stereoisomers
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IBA-pMe —-F_or assigning the stereochemistry
secondary and tertiary alcohols

= L

saturated secondary
alcohols
(acyclic and cyclic)

A6= /:\ A6=

negative — ¢ C —=—— positive

biaryl alcohols &
benzyl alcohols

Ad = /:\ AO =

positve — ¢ C —<—— negative

Binding of BMBA-pMe
- to a secondary alcohol gurawary

alcohols

Ad = . Y
positive — C/l\‘/le\c ~—— negative

Observed trends




Liguid Crystals S8
SeIV(y-benzyl-*glutamate) (PBLG)

J For; iSfordered materallin'a magnetic field

0 Hr} i enantiomers have different
1) 1ecu|ar orientations in PBLG

2 hree discrimination mechanisms

i

_-5_._-—-
"i-' a—

= e
_-——

= — Chemical shift anisotropy (least useful)
~ _ Different dipolar coupling constants (1H-13C)

— Differences in quadrupolar splitting (¢H) (most
useful)




Qﬁu"adrupolar Splitting

SINGIRBISErVed Inf solutien because ol iapid
turriolirle
SNOIsEVEd In ordered media and extent of

Splibtingldepends on orientation relative to the
f;s plied magnetic field

_f _ _ __ '_ 10 l-lz D
= Cﬂz_'c
Proton-decoupled OOH
deuterium NMR W R
' 130 Hz

—
—

spectrum




EBINE=IncrediblesVersatiity™

SAONRIVAREEH different packing orders
SNYOIN0E need specific interactions between
ppesiibstrate and the liquid crystal
ESSEffective for virtually any class of

T

— — compound
— Includes aliphatic hydrocarbons

® Especially effective for resonances of
nuclei remote to the chiral center




PENERIUM Labeling

J Onl» need deuterlum ds a S|gnal better
UL I5E achiral reagents so no concern
rlf out Kinetic resolution or racemization

".-;",'_'*' e Convert COzH tO COZCD3

e
N —

~ —  Add perdeutero benzoyl group (have o-, m-
= and! p-protons as potential probes
® Provides a single, strong signal (or a few

easily assigned signals) for the analysis




(R.R)-, (55)- and (R,5)-(meso)-
isomer distinguished

~ -Remote chiral center
-2H signal for the para-position

showed different quadrupolar R
splitting Can distinguish (R,R R)-,

(RIRIS)_I (SSR)_ and (SSS)-
Isomers




PEGEterated/Natural Abundance 2Eas

OO TIPIICELEU SPECL™ R——
scaen 2 signal is a doublet
Sezchi2H signal may be two doublets if the

Benantiomers have different quadrupolar
—= spllttlng

L = ---—-.

_;i_':--—'— canrt predict a priori the magnitude of the
— quadrupolar splitting

—

® Procedures have been devised to aid in
the assignment of ?H spectra




