- Thomas J. Wenzel
= : Department of Chemistry
_— Bates College

= Lewiston, Maine




Discrimination of

- Chiral Compounds
Using NMR

Spectroscopy
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~'~ iSpectroscoplc Methods to Determine Enantiomeric Purity
~an -A55|g’n Absolute Stereochemistry,” Wenzel, T.J.; Chisholm, C.D.,
~‘Pr0gre55 in NMR Spectroscopy, (DOI1:10.1016/j.pnmrs.2010.07.003).

“Assignment of Absolute Configuration Using Chiral Reagents and NMR
Spectroscopy,” Wenzel, T.J.; Chisholm, C.D., Chirality,
(DOI: 10.1002/chir.20889).
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. Liquid Crystals



CRrai*Derivatizing Agents
aban an *le'slow-(-li%ﬁ‘?
SREGHa coValent bend between an optically: pure

revuénr (S5)- l" dnG compound of Interest
(JJJ)
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--~-CDA + (R)-Sub
= 5) -CDA + (5)-Sub

(S5)-CDA-(R)-Sub
(S5)-CDA-(S5)-Sub
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e Resultmg compounds are diastereomers

® Signals double in NMR spectrum (Chemical Shift
Anisotropy) — areas proportional to percent of
each enantiomer
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== I\ieéd 100% enantiomeric purity of the
reagent



S——
Crlifz oIvatlng Agents (Pirkle = ) d—
Matz)) e plexes (Wﬂitegdes and Lewis — 1970)

SREONIINON-CoValent INteractions etween an
OpLICallY pUlre reagent ((5@) CSA) and the
rum,)gt 1d of interest (Sub)

= CSA + (R-Sub = (5)-CSA(R)Sub - K,
= @-CSA T (U SRR RS,

e Resultmg compounds are diastereomers

p——

® K and K¢ are likely different — causes different
time-averaged solvation environments



al"Solvating Agents
nd Mehal 3l Compl

SRIVIIX dJrer' VAl \ VIS -'u»

J Hrarerj- Jio) have fast exchange — NMR
Jr)ecsrl imiis a time average of bound and
Uglejelt 1d forms (CSA + Sub = CSA-Sub)

= gt concentratlon of CSA usually leads to larger

"‘

,:«f dJscrlmmatlon

= -Often see enhanced enantiomeric discrimination
at lower temperatures

® CSA does not need to be 100% enantiomerically
pure
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o8\ J Glianism oft discrimination is understood and
LJLJF‘I“‘ lStIC changes in chemical shifts occur in
tf]e SISPE Sctrum
}1 e common with certain families of chiral
— ’1 atizing agents
= 55|b|e with some chiral solvating agents
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“e Empirical trend

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



are derivatives with (R)- and (5):f6rms of the reagent
s of secondary alcohols)
1-periplanar arrangement of HC-O-C(O)-C atoms

-

ecor dary alcohols)

(R)-MTPA
(S)-MTPA




)

Me(10) Me(8) Me(9)
MTPA 0.07 -0.017 -0.04
MPA 0.05 -0.021 -0.26
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- —A8R% depends on:

—

-Extent of conformational preference/how it
influences the shielding

-Degree of shielding
(anthryl > naphthyl > phenyl)



_— .
rifluoro-1-(S-anthryl)ethanolis
 (TFAE) (Pirkle’s Alcohol)

H

~ \Vlersatile chiral solvating agent
-Can determine optical purity
-Can assign absolute configurations for
certain classes of compounds
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(R,R)

Sulfoxides
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WQJ d Coordination Number or Displace
LJJJI).C O/ ACCEP tor Association)

J Lan' ] |des — Hard Lewis bases
gen and Oxygen-containing compounds

’PJ tlnum Palladium, Rhodium and Silver —
Soft Lewis bases

— Alkenes, alkynes, aromatics, phosphorus-
containing, sulfur-containing, alkyl halides



L|qU|d Crystals
SelC dnann, Meﬂaﬁom Sny

-’-’
(1968)

ormc'o- lered materlal N a magnetlc ﬂeld

Pellf JE snantiomers have different
mJ ecular orientations in the liquid crystal

= ee dlscrlmlnatlon mechanisms
9? — Chemlcal shift anisotropy (least useful)
— Different dipolar coupling constants (1H-13C)

— Differences in quadrupolar splitting (2H) (most
useful)



_ Proton-decoupled

Quadrupolar Splitting

PRINOHOPSErRVEd in solttion because off rapid

il

deuterium NMR
spectrum

——




R6ly(g=benzyl-L-glutamate) —‘E\.GG).,
' IncredﬂﬁE.Versatl |

o Ol nigleiel erent packlng orders

2 D) rJJF ‘need specific interactions between
'rnﬁ substrate and the liquid crystal

= ctlve for virtually any class of
_aempound
”'f ~ —TIncludes aliphatic hydrocarbons

-® EspeC|aIIy effective for resonances of
nuclei remote to the chiral center
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o1l need deuterium as a signal — better
[ONISE achiral reagents so no concern
ebout: lnetlc resolution or racemization

= Convert -CO,H to -CO,CD;

——
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"‘Add perdeutero benzoyl group (have o-, m-
"C ~ and p-protons as potential probes)

“e Provides a single, strong signal (or a few
easily assigned signals) for the analysis
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Wenzel, T. J.; Freeman, B. E.; Sek, D. C.; Zopf, J. J.; Nakamura, T.; Yongzhu, J.;

Hirose, K.; Tobe, Y, Analytical and Bioanalytical Chemistry, 2004, 3/8, 1536-1547.
Wenzel, T. J.; Thurston, J. E., 7etrahedron Letters, 2000, 41, 3769-3772.
Wenzel, T. J.; Thurston, J. E., Journal of Organic Chemistry, 2000, 65, 1243-1248.




Wenzel, T.J.; Bourne, C.E.; Clark, R.L., 7etrahedron: Asymmetry, 2009, 20, 2052-2060.
Chisholm, C.D.; Fiilop, F.; Forrd, E.; Wenzel, T.J., Tetrehedron: Asymmetry, 2010, 21, 2289-2294.




In methanol



423 22 17 16 15 14[pp Dimethylbenzylamine

The C-methyl and Mmethyl resonances (400 MHz) of (a) 3 (10 mM) with
increasing concentrations of 1 (0, 5, and 10 mM), (b) the hydrochloride
salt of 3 (10 mM) with increasing concentrations of 1 (0, 20, and 40

mM), and (c) 3 (10 mM) with increasing concentrations of L-tartaric acid
(0,5, and 10 mM)

Lovely, A.E.; Wenzel, T.]., Organic Letters, 2006, 8, 2823-2826.



4.0

IH NMR spectrum (400 MHz) of the methine resonance of 8 (10 mM)
in methanol-d4 with 1 at (b) 5 mM, (c) 10 mM, (d) 15 mM, (e) 20
mM, (f) 30 mM, (g) 40 mM.

Lovely, A.E.; Wenzel, T.J., Organic Letters, 2006, 8 2823-2826.




Lovely, A.E.; Wenzel, T.1., 7etrahedron Asymmetry, 2006, 1/, 2642-48







Piperidines and Piperazines

0.062
0,149,/ ==, 0.033

Lovely, A.E.; Wenzel, T.J,,
Journal of Organic Chemistry,
2006, /1, 9178-82.




Tertiary Amines

IH — Discrimination usually small
13C — Baseline discrimination

Lovely, A.E.; Wenzel, T.J., Chirality, 2008, 20, 370-378
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Carboxymethylated Cyclodextrins

Synthetic Schemes.,

OH OCHZCOONa

1. NaH, 60% in oil >’
DMF, r.t. 48 hrs
2. NalOAc

DMEF, rt. 48 hrs

Y

Selective Secondary Derivative

3. Acetone

1. NaOH, NalOAc NaOOCH,CO OCH,COONa

H,O, r.t. 24 hrs >>
2. Methanol

OCH,COONa

\J

Cyclodextrin Indiscriminate Derivative

n=5,6,or7
1. Pyridine, NalOAc
DMF, 80-90°C, 24 hrs

OH OH
2. SEC @)
o n

OCH,COONa

Selective Primary Derivative

Dignam, C.F,; Randall, L.A.; Blacken, R.D.; Cunningham, P.R.; Lester, S.-K.G.; Brown, M.].; French, S.C.; Aniagyei,
S.E.; Wenzel, T.J., 7étrahedron Asymmetry, 2006, 7/, 1199-1208.

Wenzel, T. J.; Amonoo E. P.; Shariff, S. S.; Aniagyei, S. E., 7etrahedron: Asymmetry, 2003, _74 3099-3104.
Smith, K. J.; WI|COX Tealat: M|r|ck G. E.; Wacker | %S Ran N. S.; Vensel, D. A.; Readling, R.; Domush, H. L.;
Amonoo, E. P.;  Shariff, S S.; Wenzel, TJ Ch/ra//ty, 2003, 75, S150-S158.



2-position  6-position Indiscriminate
= 1 9
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‘Y- (e)
o epositon

2-position (d)
N Indiscriminate .
H—CCHZCHZIJ;IH(CHQ,)Z N
: Native SH
N e

E =l

\
8.

| | | | '
8. 7. 7. 7.4 ppm

4 2 0

8

6

'H NMR (400 MHz, D,0) of (a) 10 mM chlorpheniramine
with 10 mM (b) a-CD, (c) a-CDCM-Ind, (d) a-CDCM-2 and

(e) a-CDCM-6.



6 pOS|t|on

2 p05|t|on ML

| ) Indiscriminate ©
H—CCH,CHaNH(CHz)o [ /i A WL—

Native

IH NMR (400 MHz, D20) of (a) 10 mM chlorpheniramine
with 10 mM (b) B -CD, (c) B -CDCM-Ind, (d) B -CDCM-2
and (e) B -CDCM-6. Impurltles marked by e
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CHs

—B-methylphenethyl-
amine HCl (10 mM)

—B3-CM-CD-Ind (20 mM)

_Yb(III) — (2-8 mM)

K.A. Provencher, T.J. Wenzel, 7etrahedron Asymmetry, 2008, 19, 1797-1803
Provencher, K.A.; Weber, M.A.; Randall, L.A.; Cunningham, P.R.; Dignam,
C.F.; Wenzel, T.J., Chirality, 2010, 22, 336-346.




abionic Cyclodextrins

— 50°C, 7-15 days
HCI

-‘ - w DS=0.7, 1.1, 1.5, 3.0
wwww DS = 1.5 the best

/ﬁ)k , ﬁ)k CHL C.D. Chisholm, T.J. Wenzel,
L - : " Tetrahedron Asymmetry, in press




o Tyrosine with o-CD-GTAC

IH NMR (400 MHz, D,0) (a) 10 mM tyrosine (L>D), with (b) 10 mM native a-
CD, (c) 20 mM native a-CD, (d) 10 mM a-CD GTAC (DS = 1.5), and (e) 20 mM
a-CD GTAC (DS = 1.5).




. Gynthesic of Calix[4]Jresorcinanenes:

’ HO OH
o) Br 0 100° C, 24 hrs o
- >_/7 ! : )J\/\ +
gl +
S NaO” oNa H SOy

2-( 2-bromoethyl)-1,3-dioxane sodium sulfite 3-oxopropane-1-sulfonic acid anion resorcinol

HO OH

1. EtOH/HCI

> formaldehyde, H,O
100° C, 24 hrs -

-

2. dialysis r.t, 3 days
secondary amine

L-proline ( SCR-Pro)
N-methyl-L-alanine ( SCR-Ala)
N-methyl-L-valine ( SCR-Val)

N-methyl-L-leucine ( SCR-Leu)

SOy

Yanagihara, R.; Tominaga, M.; Aoyama, Y. J. Org. Chem., 1994, 59, 6865-6867.
Dignam, C. F; Zopf, J. J.; Richards, C. J.; Wenzel, T. J., Journal of Organic Chemistry, 2005, /0, 8071-8078.
Dignam, C. F; Richards, C. J.; Zopf, J. J.; Wacker, L. S.; Wenzel, T. 1., Organic Letters, 2005, 7, 1773-1776.




Water-soluble

SCR-Pro

T
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10 mM substrate with 2, 4, 6, 8, and 10 mM SCR-Pro

(1.25/1.46)

(1.51/1.81) 6

(0.92 / 1.04)

10:20
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enantiomer 'enantiomer
68 97

361 595

."—-’:: -

: .:'-: :‘PJerranoIoI HCI 258 482

—
S ,“: —

= Tryptophan methyl ester HCI 59 113

Sodium tryptophan 67 Z10
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J'L

4 (0.44)
5 (0.32)

z (0.20)
CH;
ch_C_DCHEGHzNH"'
CHs,
(0.28/0.52) 3' =N

(0.33/0.96) ¥ ~F €' (0.23/0.28)
5' (0.44/0.71)

| S
8.5

ppm

'H NMR spectra (400 MHz, D,0O) of doxylamine (10 mM), (a) at 23° C,
(b) with SCR-Pro (2 mM) at 23° C, (c) with SCR-Pro (40 mM) at 23° C

and (d) with SCR-Pro (40 mM) at 50° C.




N N COOH
H H
SCR-cis-4-D-hvdroxv- SCR-cis4-L-hvdroxv- SCR-rrans-4-L-hvdroxy-

proline (3) proline (4) proline (3)

:Ej H

o~ 4COOH

. . - 00 ‘
N \

SCR-trans-3-L-hvdroxv-proline (6) SCR.-D-nipecotic acid (7)

C.M. O'Farrell, J.M. Chudomel, J.M. Collins, D.F. Dignam, T.J. Wenzel, Journal of Organic Chemistry, 2008,
/3, 2843-2851.

C.M. O'Farrell, T.J. Wenzel, Tetrahedron Asymmetry, 2008, 19, 1790-1796.

C.M. O'Farrell, K.A. Hagan, T.J. Wenzel, Chirality, 2009, 21, 911-921.

Hagan,K.A.; O'Farrell, C.M.; Wenzel, T.J., European Journal of Organic Chemistry, 2009, 4825-4832.
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2-tert-butylamino-1-phenylethanol (10 mM) with
6, 8, and 10 mM of SCR-t4L
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Dur Latest Calix[4]resorcinarene Systems

N

a-methyl-L-proline
(aMP)

(LPA)



6.8 ppm

(@) 2/3-(5), 1/3-(R)
(10 mM)

(b) t3L (30 mM)

(c) aMP (30 mM)

N (a)2/3-L, 1/3-D
2 (10 mM)

(b) c4L (10 mM)
(c) aMP (8 mM)

Methylbenzylamine HCI N-CBZ-serine HCI

N.H. Pham, T.J. Wenzel, Journal of Organic Chemistry, submitted.
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Phenylalanine methyl ester HCI1

(@) M-benzyl-a-methylbenzylamine

(10 mM) - CH; (a) 20 mM LPA

Ect:))) 5(()) rrr?l\l\//ll ;3IVII_P (b) 2/3-D, 1/3-L (10 mM)

(d) 15 mM LPA



SPECIc

Catnering Digrlzrm
iGYlE ZaognlEies
Jair) Colliris

Alice Bradstisle

C "QI@:"r@ J\/Jor]n

N\ SASASC

J
2
J
o'
- -
2 _),Jr)l’ll'l‘-“/ rr‘—'Jr' UEﬂ
o Melisse e NEP
o Jeff T ro,gnwn.gr'
SWBetn Pond 00
J r\m.mJ.J Cglt [
J
2 lerlene
== “[auren Randall
= ee'BIacken
Eatnck Cunningham
~ s Shawna- -Kaye Lester
Monigue Brown
‘Susie French
Stella Aniagyei
Edwin Amonoo
Sonia Shariff
Ngoc Pham
Cora Chisholm

e
::*-

-

-

T

KGIT O g

- e Kristin

P

o) liec\Wacke

James Wllcox‘
Gudrun MII‘ICk

NICOIE ‘V'.
David Vensel
Ginger Readling
Hilary Domush
Jason Zopf

Chris Richards
Bailey Freeman
David Sek

Jolene Thurston
Ann Lovely
Courtney O'Farrell
Katelyn Provencher
Madeline Weber
Brad Wenzel

Katie Hagan

Thao Nguyen
Chloe Bourne
Rebecca Clark
Ryan Rollo




Apjel To:

e

SHNEtienal Science Foundation

%Jsurc Corporatlon

SCamille e and Henry Dreyfus Foundation

s Hoy Z} rd Hughes Medical Institute/Bates
€gc

= ;_.oll
i e Pflzer Pharmaceutical



THREE YEARS

—

-

- OF AA8s

11



lENS*and pencils are chiral (rightzhanded)**
gcause of the writing
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