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D O SY -NMR Chromatography- l

$ Introductlon

One 'H NMR chart is shown. TN

It seems to be a spectrum of mixture.... |

What compounds are the components? 7 ? ’

In such a situation, separation and o J
isolation of each components makes it - U : J’ f-—JM’}—W w — U .
easy to identify the compounds. 80 80 7.0 60 5.0 (p;’;? 30 20 1.0 00

So, to get clear NMR spectra, silica gel column chromatography or recrystallization etc.
are usually required. However, unstable compounds, intermediates or metal complex can not be
applied such purifing techniques..... {}

DOSY NMR ! is one of the choice to solve such problems.

DOSY : Diffusion-Ordered NMR Spectroscopy

(Diffusion : spreading over a larger area) k: Boltzmann coefficient

kT T: absolute temp.
n: medium viscosity
Ry: hydrodynamic radius

Stokes-Einstein equation, D =
GTKT]RH

(

friction factor

to separate NMR spectra by the difference of
diffusion coefficience of each compounds.
(See the figure on right side)

"Diffusion-Ordered" means... J _
| 1l

T

LI}

— “‘"“.: HOD a
- 10
DOSY allow us to distinguish compounds . ‘ g
according to differences in their effective size. “j " Sueene ¢ A -
(Diffusion of chemical species in a solvent A ’ v -
depends on its molecular size and its S SDS micetle 5 s@ o |F
hydrodynamic volume.) o |
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1. Brief Explanation of Fundamental Principles

ref) JEOL user's meeting textbook 2000 and 2002
Prog. NMR Spectrosc. 1999, 34, 203.
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What is the hydrodynamic radius (Ry)?

Macromolecules in solution are non-spherical, dynamic and solvated.
As such, the radius calculated from the diffusional properties
of the particle is indicative of the apparent size of the

dynamic hydrated/solvated particle, which includes
both solvent (hydro) and shape (dynamic) effects.

R ( ti ) 1 T luzri:
ration). R ==
g \9Y £ Zmi

mass and particle specific volume.

about the geometric center

Rw: Equivalent radius of a sphere with the same

Rgr: Radius established by rotating the compound

—J




2. Examples for Organic Compounds

Diffusion-Ordered Two-Dimensional Nuclear Magnetic ~€— /n this paper, "DOSY" was named.
Resonance Spectroscopy
Kevin F. Morris and Charles S. Johnson, Jr.*
Department of Chemistry, University of North Carolina L Diffusion gl Spoct oL onyY
Chapel Hill, North Carolina 27599- 3290 ’
Received December 9. 199}
J. Am. Chem. Soc. 1992, 114, 3139.
(b) J. Am. Chem. Soc. 1993, 115, 4291.
DOSY specrum for a sample containing
10.0 mM tetramethylammonium chloride (TMA)
with mixed micelles.
(SDS and octaethylene glycol dodecy! ether)

Figure2. Sucrose and phospholipid vesicle in D,O !

Vesicle in the form of a spherical shell

enclose an aqueous region.

The diffusion peaks for free sucrose and
sucrose entrapped in the vesicle were easily
and clearly resolved with diffusion coefficients.

This result matched the fact that

phospholipid bilayer are highly permeable to B % o
water but not sucrose. Figure 2. The diffusion-ordered 2D-NMR spectrum of a sample con-
; taining sucrose and phospholipid vesicles in D,Q.

DOSY as a useful probe to qualitatively
understand relative strength of
hydrogen bonds.

Tetrahedron Lett. 2000, 41, 7181.
Magn. Reson. Chem. 2001, 39, $S142.

The qualitative probing of hydrogen bond strength by
diffusion-ordered NMR spectroscopy

Gurpreet S. Kapur.” Eurico J. Cabrita und Stefan Borger*

Ieseitue itz Analvtische Chowic, Caiversinit Leipzig, Johnicallor 29, DOIIOT, Legezig, Cenian

For a mixture containin ,
9 1+2in CDCla 1+2 with 1 eq. DMSO
phenol 1 and cyclohexanol
2 studying their interaction @ \ M ® o l
with H-bond acceptors.
_ L -7.05 L 728
OH OH Q l R N
N ! L2 S z L.7.30 =
D,C " 'CD; I > = by
1 2 3 ’ - h’ SO ‘ ! S
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Figure1 . (b) 8 7 & S 4 3 X I G ppm 3 é 4 2 3 ppm
Phenol and DMSO are Figure 1. tu) The *H-DOSY spectrem of a mixture containing phenol (11 amd exlohexanol (23 i CDCl; containing

. . . MS as a reference: @ e TH-DOSY <nine " the same 1 . containing DMSO)- as an addition:
Spendlng SUﬁIClent time TMS as a reference: and (b The *H-DOSY <puctrum of l!l& Same miXiure containing F)MS() i 13) asan Jddl?lﬂl‘l.ll
component. The spectra were recondod ot a2 Bruher DRXA400 instrument using the stimulated ccho sequence incor-

together as an associated porating bipolar gradients with an longitudinal eddy delay (BPPLED). The gradient strengths of | ms duration were
molecular System incremended in 32 steps. with diusion times of 30 ms




Figure2. 3'P COSY [ (2)+8
To accept a hydrogen @ 1 ‘ | I ‘ ® J J l
bond should be highest | A A l
in7.
—_— l 6.5 "—l L -5.9
2 i — 1 L.,
MeO" ToMe BuO™ T H T —H 2 Tl
:’MG 5OBU +— 6.7 .'_—— } 9.0
('? (l.? a9 s'cm W0 3¢ " m ;:4;8 60 S0 4t 3 2 ) p:n
Ph” F;_;’?h EQ’PEtEt Figure 2. (@) The P-DOSY spectrum of a mixtary conttining 4 phosphorous components viz. trimethyl phosphate

(41. dibutyl phosphite (5). triphenylphosphine oxide (6). wnd tricthylphosphine oxide (7% and (b) The *'P-DOSY
6 7 spectrum ol the same mixture containing tricthanol amin (8) as an additional component. The BPPLED sequenee was
uscd with gradient sirengths of 2 s durition incremented in 32 steps. with diffusion times of 200 ms for spectrum (a),

N(CH,CH,OH), and 300 ms for spectrum (b

MAGNETIC RESONANCE IN CHEMISTRY
Mign. Reson. Chere, 2002; 40: 51228127

Published online in Wiley InlerScionce Gy mterscience. wiley com). DOL 10,1002/ mec. 1082

HR-DOSY as a new tool for the study of chemical

exchange phenomena

Eurico J. Cabrita* and Stefan Berger

tnstitut tur Analytische Chemie, Universitit Leipzig. Johannisaflee 29. D-04103 Leipzig (Germary)

By measuring a series of DOSY spectra of a two-site exchange system, where exchange
occurs between sites with different diffusion coefficients, it is possible to extract information
about the relative exchange rates of protons with the bulk solvent and therefore infer their

solvent accessibility.

If exchange is slow compared with the diffusion period, then two diffusion coefficients will
result for the same chemical shift. On the othre hand, if exchange is fast, then a weighted

average diffusion coefficient results.

DOSY of saccharose (Figure1) was taken
in the presence of water.
(DMSO-d6 : water =4 : 1)

Are there any differences between hydroxy
groups ?

OH 6

4 1 f
OH
3 OH O~
6
g 2 0
3

Figure1. Saccharose
(glucopyranosyt and fructofuranosyl residues are indexed
with g and f, respectively)




OHs
f
Figure2 (a) : Hydroxy groups are "sugar like". HO o o
(b) : "g3" seems to have different tendency.... Y OH o .
(c) : Hydroxy groups are "water like". g © OH OH
3
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Figure 2. DOSY spectra of sample A acquired for different diffusion times (A) of (a) 25, (b) 50 and (c) 200 ms. (d) DOSY spectrum of
saccharose in DMSO (sample B before the addition of water) acquired for a diffusion time of 50 ms (the spectra acquired for the
diffusion times of 20 and 200 ms are identical). In the projection the hydroxyl protons are assigned using the indexing of Fig. 1; g1 is

the anomeric proton.




High-Resolution Diffusion-Ordered Spectroscopy To Probe the
Microenvironment of Janda.Jel and Merrifield Resins

. : J. Org. Chem. 2003, 68, 3673.
Céline Gambs., Tobin J Dickerson. Suresh Mahajan. Laura B. Pasternack. and 6a
Kin 1. Tangne o e Tetrahedron Lett. 1999, 40, 6329.
Depactment of Chemistry aned The Skages Instizute for Chemical Blology. The Scripps Rescarch Insittute.

15550 Norik Torrev Pines Road La Jotla, California 92037

A 4 X
JandaJel: polystyrene resin containing tetrahydrofuran derived cross-linker E; (S
NS
J M

Merrifield Resin: polystyrene resin containing divinylbenzene cross-linker

To provide a more detailed picture of the matrix, research has turned to NMR for the
determination of the diffusion coefficients of solvents and small molecules in swollen beads
to provide a means to compare the microenvironment of swollen beads.

TABLE 1. Measvred Diffusion Coefficients (1. x 1010 g2 s=1) tor Solvents

self-diffusion 3-NH; JAOH M-NE1, M-OH
THF 36.5:23 248403 17.8 £ 0.02 17.8 + 0.2 14.0 £ 0.1
DMF 178201 10602 91z 0t 813 0.04 6.8 + 0.001
Toluene 0112 T +£01 18.9+0.2 12.1 £ 0.2 73201

Figure1
1) Dgr are 20-30% higher for JandaJel.

2) Dg decrease in the order of THF>DMF>toluene.
3) D are higher for resin-NH,.

Figure3
Boc-glycine: An ion pair forms between the free

carboxylic acid of Boc-glycine and the primary
amino group of the resin.

FIGURE 1. Reduced sell-diffusion coefficients (T of toluene.,
DMFE. and THIE.

TABLE 2. Measured Diffusion Coefficients for Small Molecules. (D, x 10-'6 2 see=1)

molecule examined solvent solution JJ-NH. JIOH M.NH, M-OH
Boe-glvelne DMF-d; 8.0+ 03 1.6 £ 0.01 32401 1.0+ 0.03 2.04: 0.04
Boc-glycine methyl ester DMV - 9.8 4 0.1 4.2 5 0.001 36 = 0.1 39401 2.5 101
pxylene DMFE~# 14.8 4 0.2 69304 58103 57404 38402
p-xyvlene toluens 3174 004 9.2:204 80+ 0.2 79403 F.4402

o p-Xylene

Boc-glycine
- Me egs er

Yoluene

)-OH iz )-0H S Boc-glycine

FIGURE 3. Reduced diffuslon coeftictents (Zx} of Boc-g Iycine
toluene. (biue). Boc-glycine methyl ester {maroon), and p-xvlene (vellow}
solutions in DMEF ot

FIGURL 2. Swelling ratio {€3 of resins (n DMF. THE. and



3. Examples for Metal Complex

Diffusion-Ordered NMR Spectroscopy (DOSY) of
THF Solvated #-Butvllithium Aggregates

Ivan Keresztes and Paul G. Williard*

Deparment of Chemistry, Brown University

Providence, Rhode Klond, 02912

J. Am. Chem. Soc. 2000, 722, 10228.

n-Buli is known to exist in equilibrium between
tetrasolvated dimeric and tetrameric aggregates
in THF solution. (See Figure1)

Figure4

The first successful example of DOSY to
distinguish different organolithium aggregates
in solution.

Figure 1. PM3 optimized structures of [n-BuLi}y-THF4 and [n-BuLijy-

THF..
Table 1. Calculated and Measured Diffusion Coefficients for THF
Solvated n-Buli Aggregates at —84 °C (x 10! m’ sh
calculated experimentat®
X-ray PM3 1H 7L

tetramer 8.89 8.54 883 %045 8.63 +0.06

dimer 9.94° 9.53 10.11 0.28 nd.’s

diff (%a) 10.6 10.4 132420

7 Average of four experiments. Errors reported are three standard
deviations. > TMEDA solvated aggregate. ¢ Not determined. 4 Deter-
mined directly from experimental data.
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Applications of Pulsed Field Gradient Spin—Echo
Measurements to the Determination of Molecular
Diffusion (and Thus Size) in Organometallic Chemistry
Massimiliane Valentini, Paul S, Pregosin.” and Heinz Riiegger*

Laboratory of Inorganic Chemistry. ETH Zentrum. CH-8092 Zurich, Switzertund’

Organometallics 2000, 19, 2551.
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Table 2. Estimated Hvdrodynamic Radii. ry

. . PdCl,L,
S "o L=AsMe,Pds,,

R X=0

Figure 1. Plot of In{/Iy} vs arbitrary units proportional
to the square of the gradient amptitude. The slopes of the
lines are related to the diffusion coefficients, [). The six
lines stem from water, C1{Clz, and the four Pd—arsine
complexes PdCliLy (L = AsMePhy - (v = 3-0)} {increasing
mwolecular welght from left to right). The absolute vaiue of
the slope decreases with Increasing molecular weight.

N s2c a9
ln(Tﬂ)— Y2t G(A S)D

The smaller AsMe; complex moves faster than
the analogous AsMe,Ph, which is then faster
v than the heavier analogues.

Cl~_ .AsMe,Ph Cl<_ .AsMePhy

compd? hydrodynamic radtus radius from X-ray

PhMe,As”  ~Cl PhMeAs™  “Cl Tp'W(CO)3H
4 5 7

=
]

U1 O 0 e
NN O e O3 oba

4. 8018
5,417

5.0'8
6.8'® pﬁ' Ph CN PT,Ph
6.2%¢ MeO P« -CsF5

6.3 p- Pd Pd

s 142z N “Br MeO 1'3\ “Br

* For compounds 4. 5. 11, and (2 the radit in the solid state 8

were estlmated using reported structures for closely related Cl<_ . AsMes Ci~_ .AsPh;

phosphine, instead of arsine complexes. 4 rrans-PdCL(PMe; Ph),. Pdy(dba)
¢ CfS—P(iC];r‘P]\’IEp]lz):g. 4 (iS-PdClz(PNIE:;]; ° rrmrs-PdClzﬂ’Ph;)z. 2 3

X-Ray. Molecular Diffusion. and NOESY

NMR Studies of Chiral, Tetranuclear Cu'

Catalysts Based on Monodentate Thiol Angew. Chem. Int. Ed. 2000, 39, 153.
Analogues of TADDOL** Helv. Chim. Acta 1997, 80, 2515.
Arkadius Pichota. Paul S. Pregosin.*

Massimiliano Valentini, Michacl Wérle, and [ttt

Dicter Secbach* : <Catalyst Preparation>
o Thio-TADDOL n-BuLi  CuCl

q

Cu-Thio-TADDOL THF -75°C 0°C

o !
@ BuMgClI . (j\ I / * © * ¢,
nt THF nf Bu . 4 4 4

Ph Ph e

) X X =0H(1)

X f( OMe(2)

OP;meiH NMes(3) { (S)-product in up to 84% ee (with 1)

PhsAs”™  ~Cl
12

Ph Ph
Of NMe2
> _Cu LiCI
0 'Ks
Ph Ph
proposed catalyst

(R)-product in up to 84% ee (with 2&3)



Figure 2 X-ray crystal structure of 4
-Tetranuclear
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4. Instruction for Measurement ref) JEOL user's meeting textbook 2000 and 2002
ECX-500 user's manual

-No need for special equipments

(ECX-500 is our choice.)

-Make your sample as stable as possible.

-Density gradient is unfavorable.

-Sample height should be ~40mm.

-Thermal convection generates considerable error on diffusion value.
VT method is strongly recommended.

-Noise effects the resulting spectra. (S/N >500 is better.)
Adjustment of shims is quite important.

-For duplicated peaks, it is difficult to get reliable answer.

-D=1x10""" (m?%s) is the minimum limit to detect the signal decay,
which corresponds to M=2.19x10% polystyrene.

-Main parameters are 4,5 and G. (3[mT/m]<G<0.25[T/m])

e atotmel )

J

To solve remaining problems, various pulse sequences have been developed.
New sequence and analysing algorithm are still created.
DOSY is developing methodology.

Major applications have been...

Analysis on food, perfume and so on.
Size of aggregates

Supramoleculer

Liquid crystalline polymer

Structure investigation

(0
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