
I 
J 

THE 
No. 478 

July 1998 

Cardiac-Gated MRI for Understanding Heart Structure and Function Changes 
.Chandra, S., and Sarkar, S. 2 

The Application of DECRA to the Solid State NMR Spectra of Mixtures 
Zumbulyadis, N., Antalek, B., and Windig, W. 5 

Positions Available 

Selective Use of Selective Decoupling 

129Xe NMR Investigation of Carbon Black Aggregate Morphology 

Varian NMR 6 

Smith, D. M. 7 

McGrath, K. J. 11 

13c NMR Spectral Simplifications of Fluoroalkyl Chains from 19F Decoupling at High Field 

MAS NMR of Solvent-Swollen Plant Polymers . 

CASE Programs and the Mysteries of Free Valences 

Ribeiro, A. A. 13 

Yan, B., and Stark, R. E. 17 

Dorman, D. E. 19 

Deuterium-Induced Carbon-13 Isotope Shifts in Cross-Conjugated Systems 
Morales-Rios, M. S., and Joseph-Nathan, P. 23 

MRI Investigation of Anomalous Solvent Diffusion in Polymers Gregory, D. A., and Botto, R. E. 25 

Emerging Figures of Merit for NMR: Choosing the Right Probe for the Job 
Olson, D. L., Molitor, P. F., Lacey, M. E. and Sweedler, J. V. 29 

39K Noise at 4.7 Tesla 

NMR ofFluoroboron Cations, Inc. llB, 19F HETCOR 

Position Available 

Tricoordinate Zincates . 

Natural Abundance 2H NMR of Oriented Molecules 

Woessner, D. E. 32 

Hartman, J. S., and Shoemaker, J. A. W. 35 

. Cuozzi, C./Bruker 37 

Mobley, T. A., and Berger, S. 38 

. Khetrapal, C. L., Ramanathan, K. V., Suryaprakash, N., and Vivekanandan, S. 40 

Book Review ("NMR Spectros'py: Processing Strategies" by P. Bigler) Batta, G., and Kover, K. E. 41 

A monthly collection of informal private letters from laboratories involved with NMR spectroscopy. Information contained herein is solely for 
the use of the reader. Quotation of material from the Newsletter is not permitted, except by direct arrangement with the author of the letter, 
in which case the material quoted must be referred to as a "Private Communication". Results, findings, and opinions appearing in the 
Newsletter are solely the responsibility of the author(s) . Reference to The NMR Newsletter or its previous names in the open literature is 
strictly forbidden. 

These restrictions and policies apply equally to both the actual Newsletter recipient/participants and to all others who are allowed access to 
the Newsletter issues. Strict adherence to this policy is considered essential to the successful continuation of the Newsletter as an informal 
medium for the exchange of NMR-related information. 



NUTS 
NMR Data Processing Software 

optimized code for faster 

Spin Simulation 

spectrum simulation based on shifts and couplings 

* 10-spin simulation in under 1 minute ( on a Pentium) 
* Easy comparison to real spectrum 
* Up to 12 spins 
* Iteration to fit spectrum 

(not included in NUTS Lite) 

Arrayed Mode option for 20 processing 
add-on to NUTS-2D 

* 2D processing speed improvement of a factor of 10-12! 

* Automatic 2D peak picking 

Recommended for users concerned with 2D processing speed 
32 Mbytes RAM required, 64 Mbytes recommended 
( actual requirement depends on size of data set being processed) . 

.Jl_com 1{:Jrf_(J{l nc. 
46560 Fremont Blvd. #418 
Fremont, CA 94538 

(510) 683-8595 

(510) 683-6784 FAX 
info@acornnmr.com 

ftp.acornnmr.com 

http://www.acornnmr.com 



478-1 

THE NMR. NEWSLETTER NO. 478, JULY 1998 AUTHOR INDEX 

Antalek, B. 5 Hartman, J. S. 37 Morales-Rios, M. S . . 23 Smyaprakash, N. 42 
Batta, G .. 44 Joseph-Nathan, P. 23 Olson, D. L .. 29 Sweedler, J. V. 29 
Berger, S. 35 Khetrapal, C. L .. 42 Ramanathan, K. V . . 42 Varian NMR. 6 
Botto, R. E. 25 Kover, K. E. . 44 Ribeiro, A. A. 13 Vivekanandan, S. 42 
Bruker/ Cuozzi, C. 40 Lacey, M. E.. 29 Sarkar, S. 2 Windig, W. 5 
Chandra, S .. 2 McGrath, K. J. 11 Shoemaker, J. A. W. 37 Woessner, D. E .. 32 
Cuozzi, C./Bruker 40 Mobley, T. A .. 35 Smith, D. M .. 7 Yan, B. 17 
Dorman, D. E. 19 Molitor, P. F .. 29 Stark, R. E. 17 Zumbulyadis, N. 5 
Gregory, D. A. 25 

THE NMR. NEWSLETTER NO. 478, JULY 1998 ADVERTISER INDEX 

Acorn NMR, Inc. inside front cover 
Advanced Chemistry Development, Inc. 9 
AMT . 3 
Bruker Instruments, Inc. 
Isotec Inc. 

not stapled in 
27 

JEOL. 
MR Resources, Inc .. 
Oxford Instruments, Ltd. 
Varian NMR Instruments . 

outside back cover 
33 
21 
15 

SPONSORS OF THE NMR. NEWSLETTER 

Abbott Laboratories 
Advanced. Chemistry Development, Inc. 
Aldrich Chemical Company, Inc. 
AMT 
Amgen, Inc. 
Anasazi Instruments, Inc. 
Astra AB 
Bruker Instruments, Inc. 
Cambridge Isotope Laboratories 
Cryomag Services, Inc. 
The Dow Chemical Company 
E. I. du Pont de Nemours & Company 
Eastman Kodak Company 
Hewlett-Packard Company 

Isotec, Inc. 
JEOL (U.S.A.) Inc., Analytical Instruments Division 
Kontes Glass Company 
The Lilly Research Laboratories, Eli Lilly & Company 
Merck Research Laboratories 
Nalorac Corporation 
Oxford Instruments 
Pharmacia & Upjohn, Inc. 
Programmed Test Sources, Inc. 
SINTEF Unimed MR Center, Trondheim, Norway 
Tecmag 
Unilever Research 
Union Carbide Corporation 
Varian NMR Instruments 

FORTHCOMING NMR MEETINGS 

XIVth International Conference on Phosphorus Chemistry, Cincinnati. OH, July 12 - 17, 1998. For details, see 
Newsletter 468, 40. 

NMR Symposium at the 40th Rocky Mountain Conference on Analytical Chemistry. Denver, CO, July 27 - 30, 1998. 
Contact: Dr. Robert A. Wind, Battelle/Pacific Northwest National Laboratory, P.O. Box 999, MS K8-98, Richland, WA 
99352; (509) 376-1115; Fax: (509) 376-2303; Email: ra_wind@pnl.gov. See Newsletter 470, 8. 

XVIIIth International Conference on Magnetic Resonance in Biological Systems, Tokyo Metropolitan University, August 
23 - 28, 1998. Contact: Professor Masatsune Kainosho, Department of Chemistry, Tokyo Metropolitan University; 
+81-426-77-2544; Fax: +81-426-77-2525; e-mail: kainosho@raphael.chem.metro-u.ac.jp; 
http:/ /icmrbs98.chem.metro-u.ac.jp 

NMR Technologies: Development and Applications for Drug Design and Characterizations, Baltimore, MD, October 29-
30, 1998; Contact: Jennifer Laakso, Cambridge Healthtech Institute, 1037 Chestnut St. Newton Upper Falls, MA 
02164; 617-630-1300; Fax: 617-630-1325; chi@healthtech.com; http://www.healthtech.com/conferences/. 

"NMR of Polymers and Biopolymers," Symposium at the 54th South West Regional ACS Meeting, Baton Rouge, LA, 
November 1-2, 1998; Contact: members.aol.com/ACKolbert/symposium.html or e-mail to: mailto:ackolbert@aol.com" 
Xiaolian Gao at xgao@uh.edu . 

NMR Spectroscopy of Polymers, Breckenridge, Colorado, January 24-27, 1999; an International Symposium 
Sponsored by the Division of Polymer Chemistry, American Chemical Society; Organizers: P. T. Inglefield and A. D. 
English: Registration contact: Neta L. Byerly, Division of Polymer Chemistry, Inc., Virginia Tech, 201 Hancock Hall, 
M.C. 0257, Blacksburg, VA 24061; 540-231-3029; Fax: 540-231-9452; email: nbyerly@vt.edu. 

40th ENC (Experimental NMR Conference). Clarion Plaza Hotel, Orlando, Florida, February 28 - March 5, 
1999;immediately preceding Pittcon in Orlando; Contact: ENC, 1201 Don Diego Avenue, Santa Fe, NM 87505; 
(505) 989-4573; Fax: (505) 989-1073; Email: enc@enc-conference.org. 

continued on inside back cover 



478-2 

§11 
Sm1thKhne Beecham 

Pharmaceuticals 

Dr. B. L Shapiro 
The NMR Newsletter 
966 Elsinore Court 
Palo Alto, CA 94303. 

Dear Barry, 

May 26, 1998. 
(received 5/27/98) 

We have been involved lately in characterizing numerous models of congestive 
heart disorders for evaluating efficacy of drug candidates. One of the critical issues in 
designing the studies is the necessity to evaluate the most relevant indices and how they 
relate to · overall pharmacological actions of compounds. We have used cardiac-gated 
magnetic resonance imaging (MRI) as an interrogating tool for understanding 
physiological changes in heart structure and function serially. 

The hemodynamic information (stroke volumes, etc) with appropriate estimates 
of blood pressure from the aortic arch, (i.e. afterload) can generate indices of (a) work 
done by the heart per beat to push a given stroke volume against the afterload i.e. the 
stroke-work (Joules/kg), (b) power required by the heart to achieve such stroke-work 
(Watts/kg) and (c) the intra-cardiac end-diastolic and peak systolic wall-tensions (DWT 
SWT respectively; Newton/meter) that develop to pump such stroke volumes into the 
aorta. Using MRI, differences between normo- and hypertensive rats were determined to 
evaluate these measurements. SHR and WKY rats (n=3-5/group) were imaged using a 
BRUKER 4.7T/40 cm imaging system with local transcievers gated to appropriate 
cardiac phases. Blood pressure recordings were obtained from the same animals. Cross­
sectional areas of mid-ventricular heart sections were measured from the same 
anatomical site for all animals using the MRI data. Wall tensions were calculated using 
the Laplace equation (T=Pr). Calculated parameters for hypertensive rats expressed as a 
percentage of normotensive rats were: Stroke-Work (191 % ), Power ( 161 % ), Stroke 
volume (101 %), Ejection Fraction (91 %), SWT (240%*), DWT (206%*), Blood 
Pressure (sys/dias: 190%1186%) *p<0.005. 

Results demonstrate that stroke-work, power requirements (both related to energy 
requirements of the heart), and intra-cardiac wall tensions between normotensive and 
hypertensive groups differ more than some of the hemodynamic parameters (stroke 
volume and ejection fraction). 

Sincerely, 
s:'v-.J~\' ~~J. v7\ 
Sudeep Cl\.andra and 

s~l>~~ 
Susanta Sarkar 

We acknowledge following members of CV pharmacology for valuable discussions 
Drs. Robert Willette, Frank Barone, and Eliot Ohlstein 



SCIENTIFIC & MEDICAL PRODUCTS 

Model 3205 - 6 MHz to 220 MHz, 300 W, NMR Amplifier Model 3445 - 10 MHz to 130 MHz, 2.0 k lV, MRI Amplifier 

200 MHz to 500 MHz, 50 W, NMR Module 

Mot/el 4T70 - 25 MHz to 175 MHz, 
7. 0 k lV, MRI Amplifie,. 

185 MHz to 500 MHz, 125 W, NMR Module 

[IclENTIFIC & MEDICAL PRODUCTS 

AMT's scientific products are used extensively in Nuclear Magnetic Resonance (NMR) systems. 

These amplifiers cover the frequency ranges of 6 MHz to 950 MHz, with power levels as high as 

2.0 kW peak power at 10% duty cycle. 

AMT's medical products are employed in Magnetic Resonance Imaging (MRI) systems. These 

amplifiers cover the frequency ranges of 10 MHz to 200 MHz with power levels as high as 

8.0 kW peak power at 10% duty cycle. 

All amplifiers have dual mode capability and can be operated in either a pulsed or CW mode. 

Scientific and Medical customers include both OEM system manufacturers and end users. 
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[foMPANY 

AMT designs, develops and manufactures custo111 radio ji·equency (RF} a,ul 
111ic1·owave power amplifiers /01· tlze wireless, scientific/medical a,ul application 
specific industries. 11w company has been in business since 1984 and currently 
lzas over 60 emploJ1ees, including 20 experienced engineers. 

AMT has a worldwide 1·ep11tatio11 as a leatling supplier of high power, solitl 
state power amplifie,·products that operate at ji·eque11cies between 1 MHz amt 
3 GHz a11d p,·ovitle RF powerji·om several watts to several kilowatts. Its products 
are noted /01· tlteir e:,,:ceptional pe1forma11ce, ltighest quality a11d s11perior 
reliability. 

111e company's products are sold to 1mmerous major c01porations, 
universities and researclt centers tltrouglwut lite world. 

r::f"A CILITIES 

AMT is located i11 Anaheim, Califoniia antl occ11pies a 25,000 square foot 
facility allocated to e11gineeri11g, mamifactt11·i11g, quality assura11ce, 
marketi11g/sales, admi11istration and fina11ce. 

E11gineeri11g a,·eas include an R & D lab01·ato1-y, a tool and die sltop, 
mechanical tlesign and tlrafting areas, an environmental testi11g laborato,y and 
doe11me11t co11trol. 111e R & D laborato,y is equipped witlt all of the latest desig11 
and testing equipment including inten11otlulation distortion simulato,·s, uetwork 
analyzers, spectrttm analyzers, signal ge11erat01·s, noise figure meters and 
i11fra1·etl (IR) scam1e1·s. 111e e11vironme11tal testing laborat01-y inchules equipment 
to simulate sltock, vibration a11d thermal envfronments. 

Mamifacturing a,·eas incl1ule a cont,·olletl access stock room, a 10,000 squa,·e 
foot assembly a,•ea a11d a production test a,·ea employing automatic testing. Also 
i11cl1uletl is an environmental laborat01-y usetl Jo,· environmental stress screening 
of production products. 

§ ooucrs 

AMT's products vary in complexity ji·om single modules, to rack-m01mted 
amplifiers, to complete tra11smitter systems. 11w rack-mounted amplifiers and 
complete trausmitte,· systems typically i11clude detection/protection circuitry, built­
in powe1· supplies,Jront pa11el mete,·ing and tligital and/or analog inte1face 
controls. Botltfo1·cetl air a11d/or waler cooling a,·e used, depending 011 the 
customer's 1·eq1tirements. 

AMT's p1·oducts feature highly reliable tecllnical solutions designed Jo,· 
producibility and reliability. Producibility is enltanced tlirougli the use of smface 
m01mt components and circuit designs that eliminate tlze need Jo,• e.,:cessive 
alignment during tlze production cycle. High reliability is accomplished tlirougll 
the implementation of conservative tltermal aml RF circuit design and 
sophisticated self-protection scltemes. Reliability is ji1rtlte1· enltanced ,luring lite 
design pltase by employing detailed e11vironme11tal testing. 

11,ese Jact01·s, alo11g witlt computer tlriven automatic testing and 
environme11tal stress scr-ee11ing of lite final p,·oduct, eusm·e tltat lite pe1fon11a11ce, 
quality and reliability meet AMT's exacting standards. 

An Employee Owned Company 

2 5r East Cen-ilos Avenue, Anoheim, CA 92806 • T.eO (714) 456-0777 • C'11B.-enda Toll Free, (888) 545-4AMT • Fu, (714) 456-0778 
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Dr. B. L. Shapiro 
The NMR Newsletter 
966 Elsinore Court 
Palo Alto CA 94303 

The Application ofDECRA to the solid state NMR spectra of mixtures. 

Dear Dr. Shapiro: 

May 22, 1998 
(received 6/10/98) 

We previously reported [1,2] the application of direct exponential curve resolution algorithm or DECRA to 
PGSE NMR data from multicomponent systems and shown that highly overlapped spectra can be resolved 
if the diffusivities of the components are different. The key to the success ofDECRA is for the spectra of 
the individual components to decay exponentially, a condition fullfilled by typical PGSE data sets. 

We have recently observed that DECRA can also be used in conjunction with a 1H T 1-filter [3, 4] to cleanly 
separate the CP/MAS spectra of multicomponent solid mixtures. Efficient proton spin diffusion insures that 
each domain in a grossly phase-separated material or physical mixture has its own uniform 1H T 1• The · 
example given in figure 1 shows the separation of the 13C CP/MAS spectrum of a mixture of glycine 
powder and polystyrene pellets into individual component spectra. DECRA treatment of the data offers the 
advantage of spectral separation even when the 1H T 1 values of the components differ by as little as 20%. 
This and other advantages and variants of the DECRA analysis as applied to solid state NMR will be 
discussed in a forthcoming publication. 

~hell\_, 
Nicholas Zumbulyadis 
nicknmr@kodak.com 

Brian Antalek 
bantalek@kodak.com 

[1] B. Antalek, W. Windig, J. Am. Chem. Soc. ll8, 1996, 10331-10332. 
[2] W. Windig, B. Antalek. Chemom. Intell. Lab. Sys. 37, 241-254 (1997). 
[3] N. Zumbulyadis, J. Mag. Res. 49,329 (1982). 
[4] N. Zumbulyadis, J. Mag. Res. 53,486 (1983). 

!J~ 
Willem Windig 
windig@kodak.com 
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DO YOU WANT AN INTERESTING AND 
CHALLENGING CAREER? 
Mose people do, buc what secs Varian NMR Inscrumencs aparcfrom 
ocher high-cech companies are che produces and che people you will 
work with. Our Nuclear Magnetic Resonance speccromecers are 
used by che world's cop researchers in chemistry, physics and 
medicine, and their development requires a curring-edge ream with 
skills in RF and magnet technology, analog and digital design as 

' well as software, mechanical design, ere. 

This could mean a great career for you if you would like co work in 
a heterogeneous environment where you can grow and learn 
something new every day while applying your skill co a very 
interesting and high-technology series of produces. What you do 
comorrow is up co you. Tell us how you chink you mighcfic in and 
when you would like co scare! 

We currently have outstanding opporcuniciesjor: 

Probe RF Engineers 
If you are a creative, self-motivated electrical engineer or physicist with 
experience in RF technology or antenna design, you will find this opportunity 
attractive. Working as part of a product development team, you will be 
responsible for the practical implementation of state-of-the-art RF technology 

into high-performance NMR probe products to create some of the world's 
sensitive sensor systems. The technical emphasis is on electromagnetic and 
physical performance of resonant and non-resonant structures in the 20 MHz 
to 1 GHz frequency range. Minimum educational requirement is a BS degree 
in Electrical Engineering, Physics or a related field, plus 2 years of 
experience together with a strong knowledge of RF technology. Project 
management experience, knowledge of NMR, and experience in an industrial 
environment are pluses. 

We offer competitive salaries and a comprehensive benefits program 
designed to respond to your individual needs. Please send your resume and 
cover letter to: Varian NMR, 3120 Hansen Way, Mail Stop D-315/KM, Palo 
Alto, CA 94304; or respond via e-mail to: resume@nmr.varian.com. Varian is 
proud to be an equal opportunity employer and to provide a drug- and 
smoke-free environment. 

Check out our Web site at www.nmr.varian.com for other positions 
available. 

varian~YEARS 



Dr. B L Shapiro 
The NMR Newsletter 
966 Elsinore Court 
Palo Alto 
CA94303 

Dear Barry, 

e-mail: duncan@amgen.com 

June 8, 1998 
(received 6/10/98) 

Selective Use of Selective Decoupling 

The constant time 1H/13C HSQC (CT-HSQC) experiment1 is a very useful tool in the assignment 
of protein resonances. The sign of the peaks is determined by whether the number of attached 
aliphatic carbons is odd or even. This enables peaks due to Gly a, Tor 13 and Met e to be readily 
identified as they produce negative peaks in regions otherwise dominated by positive ones. 

Fig. 1 shows the Ca/Ha region of the 500MHz gradient 1H/13C CT-HSQC on a sample of 2mM 
13C/15N ubiquitin pH 5.1 in D20 at 298K. The data was acquired on a Bruker DRX500 with a 
Nalorac z-gradient 5mm triple resonance probe. Negative peaks are shown as a single contour. 
The Gly a resonances are clearly visible between 44 and 46 ppm, and the Tor 13 resonances 
between 68 and 73ppm. The remaining resonances are due not only to non-Gly a, but also to 
Ser 13 and Pro 8. 

5.6 5.4 5.2: 5.0 4.6 4.6 4.4 4 . 2 4.0 3 . 6 J . 6 3.4 J.2 

.. 

.. 
◄ 

Gly a 

Thr 13 

Fig. 1: Expansion of lowfield region of 1H/13C CT-HSQC of ubiquitin with Seduce decoupling 
of carbonyl region. 

478-7 
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A simple method to identify the Ser~ and Pro 8 resonances is to re-run the experiment without 

Seduce decoupling of the carbonyl region. This leaves the 1Jcaco coupling of ~55Hz visible as a 

splitting in the 13C dimension. Carbons that are more than 1 bond away from a carbonyl do not 

exhibit a splitting due to the smaller long-range coupling constants. 

Fig. 2 shows a CT-HSQC acquired without Seduce decoupling. Three times as many scans per 

FID were acquired so the lowest contour level is 3 times higher. The majority of the resonances 
are clearly split by the coupling to the carbonyls. However, the resonances due to the 3 Ser ~s 

are now readily identifiable at 62.3, 63.2 and 64.8ppm. In addition, the resonances due to the 3 

1 
Pro Os are also easily picked out at 50.4, 51.0 and 51.05ppm . 
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Fig. 2: Same region as fig. 1 without Seduce decoupling of the carbonyl region and showing 

splitting of resonances except Thr/Ser ~ and Pro 8. 

This is a simple method for the identification of the chemical shifts of certain residue types, and 
provides useful starting points for the analysis of other datasets. It is equally applicable to the 
identification of other carbons adjacent to carbonyls in Asn, Asp, Gln and Glu residues. 

Duncan M Smith 

1. G Vuister & A Bax, J. Mag. Reson. 98, pp428-35 (1992) 



The Expanding Universe of 
Advanced Chemistry Development 

2D NMR Processor 
A simple-to-use interface that brings maximum 2D 
processing capabilities to the desktop. Fully integrated 
with our powerful structure drawing package, 
ACD/ChemSketch, NMR processing at the desktop has 
finally come of age. 
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ACD/2D Processor allows you to: 

1. Import different spectrometer vendor formats; 
2. Carry out basic spectral manipulation such as 
Fourier Transform, weighting functions, phase 
correction, baseline correction, calibration, peak 
picking and integration; 
3. Magnitude spectrum, power spectrum and 
symmetrization capabilities; 
4. View slices and 3D projections; 

~ 9 . 111....:2:....c..._;;:_.+-~-===...L.:.C:.:_1 I: 5. Attach chemical structure and additional 
data to the spectrum; 
6. Attach 1 D spectra to the spectrum; 
7. Print spectra and create reports using all the 
power of ACD/ChemSketch. 

2D NMR Predictor 

Experimental & 
predicted H,H COSY 
spectra for ... 
strychnine • .--

o • 

Calculate spectra of some 2D experiments: H,H COSY; 
C,C COSY (INADEQUATE); C,H COSY (HETCOR); H,H and 
C,H J-resolved Display data as intensity or contour plots 

Additional features (will be released in Autumn'98): 

· View tables of shifts and coupling constants 

· Possibility to correct chemical shift or coupling 

constant values and recalculate the spectrum 

Optionally: 

· Use direct or all coupling constants for C,C COSY 

and C,H J·resolved experiments 

· Use 1 J-3 J constants or all coupling constants 

for H,H COSY and H,H J·resolved experiments 

· Use first-order or higher-order interactions for 

prediction of the H,H J·resolved experiment 

· Use heteronuclear couplings for all the experiments 

See reverse side for contact information 



Assign a spectrum 
by selecting 
either peak or 
region - simply 
select the nucleus 
and drag towards 
the peak 

....... 

The Expanding Uni v erse of 
Advanced Chemistry Development 

NMR Processor 
Process raw NMR spectral data using a wide array of tools. 

Creation of professional reports is just one button click away! 
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DEPARTMENT OF THE NAVY 
NAVAL RESEARCH LABORAiORY 

4555 OVERLOOK AVE SW 

WASHINGTON D C 20375-5320 IN REPLY REFER TO: 

29 May 1998 
(received 6/8/98) 

129Xe NMR Investigation of Carbon Black Aggregate Morphology 

Dear Barry: 

478-11 

Recently, we have applied one- and two-dimensional 129Xe NMR methods to investigate the morphology 
of reinforcement carbon blacks. Interestingly, we observe a wide range in chemical shifts among different 
samples, and we attribute these differences primarily to variations in aggregate structure. 

Figure 1 shows the 129Xe NMR spectrum of a physical mixture of three "normal" ASTM fillers: Nl 10 
(1.89 g), N347 (3 .00 g), and N472 (1.00 g). The blend quantities represent the amounts necessary to yield eqml 
surface areas of each component according to their ASTM D3037 N2 adsorption values. The peak at o::::0ppm 
corresponds to xenon atoms which are very weakly adsorbed. The next farthest upfield peak (o::::53 ppm) 
corresponds to N347 adsorbed 129Xe atoms, followed by Nl 10 (o::::68 ppm) and N472 (o::::94 ppm) adsorbed 
xenon. 

We interpret the observed variations in 129Xe NMR chemical shift in terms of the relative pore sizes 
within the aggregate structure. Thus, the aggregate voids of sample N472 are smallest, followed by fillers Nl 10 
and N34 7. Additionally, we use the integrated NMR peak intensities of each sample as a measure of their 
relative unoccupied aggregate volume. It is therefore possible to calculate the relative aggregate densityof each 
sample, and the so called "structure" of the aggregate (which depends primarily on aggregate density). Figure 
2 shows a plot of relative aggregate volume (from 129Xe NMR peak intensity) versus aggregate "structure" 
(ASTM D2414 dibutyl phthalate absorption) for each sample. The ratio of aggregatevolume:aggregate surface 
area is also used to calculate the relative linear void dimensions, and found to be consistent with our assignment 
based on chemical shift. 

Finally, using two-dimensional 129Xe NMR exchange spectroscopy, we calculate the approximate 
exchange times of xenon atoms between filler samples. Figure 3 shows the 2D spectrum obtained with an 
exchange time of 100 ms, where exchange is apparent between all filler pairs except N472 and Nl 10. The 
absence of exchange between these two samples is attributed to their relatively small aggregate void size (as 
indicated by their downfield 129Xe NMR chemical shifts and volume:surface area ratios). When the exchange 
time is reduced to 6 ms, no evidence of exchange between any of the samples is apparent. 

Please credit this contribution to the Naval Research Laboratory. 

With best regards, 

K.J. McGrath 
Code 6122 
Naval Research Lab 
Washington, DC 20375-5342 
mcgrath@ccf.nr1.navy .mil 
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N347 

NIIO 
N472 "Free" 129Xe Gas 

100 PPM 0 
Figure 1: 129Xe NMR Sp~ctrum of CB Blend 
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Duke Nuclear Magnetic Resonance Spectroscopy Center 

Leonard D. Spicer, Director 919 6844327 
919 613 8887 Anthony A. Ribeiro, Manager 

Dr. B.L.Shapiro 
The NMR Newsletter 
%6 Elsinore Court 
Palo Alto, CA 94303 

June 1, 1998 

(received 6/4/00) 

Re: 13c NMR Spectral Simplifications of Huoralkyl Chains from l9p decoupling at High Field 
DearBarry, 

We 1Bve recently explored heteronuclear 19p decoupling caparilities on our Varian Unity 600 spectrometer to 
obtain C NMR data on fluoroalkyl compounds. Heteronuclear F decpjpling is currently not in general use as 
many NMR ~ctrometers are not equipped with this capability. Ideally, C NMR spectral simplification from 
heteronuclear 19p decoupling could be accomplished at low decoupler power levels so that heating of the sample is 
minimized Early NMR studies (90MHz 9f lower Bo Zeeman field) on fluoroalkanes using noise decoupling recorded 
two separate~13c spectra, first with the 1,p decoupler set at the CF3 resonance and then at the midpoint of the CF2 
resonances (1). Wide-bandheteronuclear 19p decoupling for the recording of a single 13c spectrum required the use 

. of very high power (:IJW) decoupler units (2,3). At 50 W decoupler power, a rapid stream of nitrogen gas was used 
to cool the decoupling coil (3). It is unclear to what extent sample heating affected the data. 

Tof9e is ---60 ppm separation between CF3 and CF2 l9p signals in fluoroalky!s, and Fig. IA shows the 564 
MHz F NMR spectrum of the fluorinated alcoho\ CF3-(CF2)4-CF2-CH2CH2OH recorded using a 5mm Varian 
triple resonance probe with high baQd coil tuned for ~ detection. 60 ppm is ~34 kHz at 600 MHz Bo field, or ~6X 
the 6 kHz needed to span a 10 ppm 1 H window. The fully coupled 150 MHz 13c NMR spectrum (Fig. IB) reveals a 
complex pattern of>:IJresolvedlines between 106 and 122 ppm with 1Jcpand 2Jcp couplings of ~280 and33 Hz 
for the six fluorinated5~ns (C3-C8). Since lJcp is ~2X JcH and 19p shifts span ~6X lH shifts, complete 
wide-bandheteronuclear F decoupling of fluoroalkyl chains is taken to be ~ 12 times more difficult to achieve than 
complete 1 H decoupling of alkyl compounds. 

We measured the continuous-wave (CW) decoupler output on our Unity 600 using a Bird Thruline Wattmeter 
terminated with a 50 ohm load and fitted with either 1 W 425-8:IJ MHz or 5W 400-1000 MHz crystals. As decoupler 
power increased from 28 to 49db (maximum recommended by Varian), the wattmeter readings increased from 20 mW 
to 1.6W. Calibration of the decoupler field strength in the triple resonance probe by off-resonance decoupling gave 
y H2=5753 Hz at 49 db, i. e. an effective decoupler bandwidth of ~23 kHz, which is obviously less than the 34 kHz 
between CF3 and CF2 signals at 600 MHz field When the decoupler is set at the midpoint between CF-:i. and CF2 
signals and broadband W altz-16 decoupling is applied, only a partial simplification of the fluoroalkyl 13c NMR 
spectrum is achieved (Fig. 1 C). GARP-1 decoupling ( 4) programmed through the wave form generator at lower 
power (47db, l.lW) however sufficed to simultaneously decouple the CF3 and CF2 regions and all fluorinated 
~bon signals collapse to singlets (Fig. 1D), except for the C3 signal at 118.8 ppm which is a triplet with a small 
JcH coupling from the C2 CH2. 

Single frequency CW decoupling of the -130 ppm CF2 19P multiplet (Fig. /E) removes the 2Jcp coupling 
from the 118.1 ppm resonance which now collapses to a simple quartet with a JcF coupling (Fig. l_p). This 
identifies the 118.1 ppm signal as the CF3 (C8) resonance, and also confirms that the most upfield 1~ resonance 
arises from the CF2 next to the terminal CF3 group, a generalization previously made from substituent effects on 
lYp chemical shielding (5). The C6 CF2 group (linked to C7) is also identified as the sharp triplet at 111.2 ppm, as 
it retains a 2JcF coupling from the C5 CF2 group. Single frequency CW decoupling of the lowest field CF2 at-117 
ppm (Fig. IF) collapses the C3 118.8 ppm "triplet-of-triplets" to a simple triplet. This also removes a 2JCF 
coupling from the C4 CF2 which is now identified at 111.7 ppm. 

Single frequency CW decoupling of the -85 ppm CF3 19P reson3fice removes the 1 J CF coupling from the 118.1 
ppm "quartet-of-triplets" which now appears as a simple triplet with JcF coupling (Fig. lG). C7 at 109.4 ppm 
now appears as a "triplet-of-triplets" with its own 1Jcp coupling and a 'ZjCF coupling from the C6 CF2. On 
limiting the decoupler (42db, 320mW power) to excite only the -120 to -130ppm CF2 region, two simple quartets 
result at 118.1 and 109.4 ppm with 1Jcp and 2Jcp couplings. These quartets clearly arise from the terminal CF3 
and adjacent CF2 groups. 

The 13c NMR resonances shown (Fig. IB-H) have linewidths ~4~z, digital resolution of 0.59 Hz/pt and are 
processed with 1 Hz line broadening. The lW level for'9eteronuclear 1 F decoupling appears to be reasonable to 
minii;pize heating effects in the sample. The selective F d~coupling exploiting two- as well as one-bond effects for 
the l::Sc NMR spectral simplification achieves a complete Be NMR assignment for the fluorinated alcohol. . 

Regards, 

TorJ.:t, 
Anthony A. Ribeiro (A 2R.) 
ribeiro@tweety.mc.duke.edu 
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l. Lyerla and VanderHartJ. Am. Chem. Soc. ~ 1697 (1976). 
2. Hamza et al. J. Magn. Reson. 42, 227 (1981). 
3. Ovenall and Chang J. Magn. Reson. 25, 361 (1977). 
4. Shaka et al. J. Magn. Reson. 64, 547 (1985). 
5. Brey and Brey, Encyclopedia of NMR, Vol. 3, 2063 (1996). 
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1992 Varian's Nano Probe changes the way natural product chemists analyze small 

samples by breaking the sensitivity barrier for high resolution NMR. 

1993 Varian provides undreamed of sensitivities for obtaining '3C NMR spectra for 
tiny amounts of solution-state samples. 

1994 Varian brings high resolution NMR to chemists analyzing compounds still bound to 
solid-phase synthesis resins with the second generation Nano Probe. This capability 
has since blossomed into the rapidly growing field of HR-MAS, whereby a wide range 

of heterogeneous samples are yielding to NMR analysis. 

1996 Varian publishes the definitive "High-Resolution NMR Spectra of Solid-Phase 
Synthesis Resins." 

1997 Varian announces the innovative NMS, bringing automation to Nano Probes. 

1998 Varian announces the gHX Nano Probe which goes even further by offering indirect 

detection capabilities for even the most demanding experiments. 
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966 Elsinore Court 
Palo Alto, CA 94303 

THE COLLEGE OF STATEN ISLAND 
THE CITY UNIVERSITY OF NEW YORK 

Re: MAS-NMR of Solvent-Swollen Plant Polymers 

Dear Barry: 

478-17 

In recent years, magic-angle spinning (MAS) 1H and 13C NMR techniques have been used to 
examine peptides and drug candidates bound to solvent-swollen solid-phase synthesis resins; these 
methods offer significant potential for applications in combinatorial chemistry and drug 
discovery. 11•21 The use of solvent swelling to enhance mobility and MAS to minimize magnetic 
susceptibility line-broadening can dramatically improve the resolution of the resulting NMR 
spectra, making it possible to monitor the syntheses in situ, without time-consuming purification 
steps. Rather than examining the small molecules, we have drawn upon prior 1H spectral studies of 
the resins themselves131 to focus on solid biopolymer supports with intrinsic mobility and significant 
interactions with various solvents. In particular, we are seeking to obtain high-resolution spectra of 
swelled plant cuticular polymers using MAS methods. 

Presented below are preliminary results for suberin, a solid biopolymer blend isolated from 
wound-healing potatoes. !4l This agriculturally important protective material is thought to possess 
spatially separated domains that consist of polysaccharides, aromatics (phenolics) and aliphatics 
(fatty acids). Each constituent is blended or connected to the others, in ways not yet established. As 
expected, the traditional 1H NMR spectrum of suberin is broad and featureless even with MAS at 8 
kHz, as shown in Fig. la. The rigidity of the dry polymer is confirmed by the retention of large 
dipolar coupling effects and consequent breadth of the spectral pattern. 

What happens after swelling the suberin sample for a day in chloroform? Without spinning, 
the 1H NMR spectrum remains broad (Fig. lb), but with 8-kHz MAS there appears a forest of 
sharper peaks (Fig. le). Though well short of the resolution typical in a solution-state NMR 
spectrum, these data make it straightforward to distinguish the three domains in suberin: aliphatics 
at 0.9-2.4 ppm; polysaccharides at 3.5-5.3 ppm; and aromatics at 6.2-8.0 ppm. The sharpest singlet 
has a linewidth of 24 Hz, compared with 1-2 Hz for liquid water in our Doty XC5 CPMAS probe. 
So far, we have obtained the best resolution enhancements across the spectrum with CDC13 as the 
swelling solvent. 

A variety of other useful 1H NMR experiments are also feasible with this approach. COSY 
and NOESY results in the CDC13-swollen suberin sample are shown in Figs. 2a and 2b. With 
COSY, through-bond correlations within each structural type are clearly observable and may be 
analyzed in detail. The NOESY spectrum shows correlations between the aliphatic and 
polysaccharide domains, but none of the anticipated cross peaksl4l are found between aromatic 
protons and the other two chemical types. This anomaly is attributable to preferential swelling of 
different domains by the solvent. For instance, CDC13 will solvate the aliphatics readily and the 
polysacharides to some degree, but the solvent may fail to penetrate the heavily crosslinked 

1 Fitch, W. L. et al., J. Org. Chem., 59 (1994) 7955-6. 
2 Keifer, P. A. et al., J. Mag. Reson., Series A., 119 (1996) 65-75. 
3 Keifer, P.A. J. Org. Chem., 61 (1996) 1558-9. 
4 Yan, B. and Stark, R. E., Macromolecules, 31 (1998) 2600-5. 

2800 VICTORY BOULEVARD• STATEN ISLAND• NEW YORK• 10314. 6600 
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a 

b 

C 

networks in which the phenolic suberin moieties are thought to be located. This hypothesis is 
supported by the relative peak intensities in the MAS 1H NMR spectrum (Fig. le), since the 
aliphatic peaks · are large and sharp whereas aromatics that are known to be compositionally 
important in suberin151 can barely be seen. Under these conditions, it becomes more difficult to 
observe NOESY corsspeaks that involve aromatics. 

Out current efforts to improve this protocol include the use of solvent mixtures and variation 
of the temperatures for solvent swelling and NMR spectral acquisition, respectively. Suggestions 
are also welcome from the readership of the Newsletter. 

Sincerely yours, 

Bin Yan 
Postdoctoral Research Associate 

25 20 15 10 5 0 5 10 

10 9 8 7 6 5 4 3 2 1 0 

10 9 8 7 6 5 4 3 2 1 0 

1 H Chemical Shift (ppm) 

Figure 1. 300 MHz 1 H NMR of suberin samples. 
(a) dry, MAS=B kHz; (b) swollen in CDC/3, static; (c) 
swollen in CDCl3, MAS=B kHz. All spectra were obtained 
using a 5 mm XC5 probe from Doty Scientific Inc. 

5 Garbow, J. R. et al. , Plant Physiol., 90 (1989) 783-7. 

~icft 
Ruth E. Stark 
Professor of Chemistry 
Email: stark@postbox. csi. cuny. edu 
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Figure 2. 2D NMR of swollen suberin (MAS at 8 kHz). 
(a) COSY; (b) NOESY (mixing time 150 ms). 
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Dear Barry, 

Lilly Research Laboratories 
A Division of Eli Lilly and Company 

Lilly Corporate Center 
Indianapolis, Indiana 46285 

(317) 276-2000 

CASE Programs and the Mysteries of Free Valences 

I will continue my discussion of Computer Assisted Structure Elucidation (CASE) programs1
·
2 with a 

discussion of free valences and the difference in the ways in which the DENDRAL programs and MolGen 
handle them. 

In the DENDRAL programs, free valences could be satisfied by attachment to "heavy atoms" only. That is, 
attachment to hydrogen was forbidden. Thus, substructure P4 in Figure I could not become an O-methyl or 
a hydroxymethyl group during structure generation. There was a bit of a trap here. By default with this 
definition, specifying the location of one free valence implied that all other sites in the substructure were to 
be "filled out" with protons. This was sometimes easy to forget, especially since the "drawings" presented 
by these programs did not explicitly show these protons. For example, the DENDRAL representation of P4 
would be "-C-O-". However, once one got used to this convention it was very convenient, since it fit very 
neatly the NMR spectroscopist's view of substructures. 

Figure 1: Substructures from Last Contribution2 

fv---....___ /0'--.... 
C fv 
H 2 

P4 

fv~o.....__ fv 
fv 

fv ch2ch2-1 

fv~O~fv 

fv/1 I 'fv 
fv ch2ch2-2 fv 

Of course there were occasions when this rather rigid definition was not appropriate. Especially before the 
days of the DEPT experiment there were times when one wasn't entirely sure just how many protons were 
attached to each site of a substructure. In such cases one used the tool HRANGE to specify the range of 
protons possible at each site. With large substructures the specification of the number of protons at each 
site could become tiresome and also provided the user with ample opportunity to make mistakes. Because I 
arri pretty good at making mistakes, I used the free valence definition whenever possible, but the flexibility 
afforded by the HRANGE tool was convenient at times. 

Flexibility is also available in MolGen, but the defaults are different. In MolGen free valences can be 
satisfied by any atom, including hydrogen atoms. In the example from last month2 we had defined ch2ch2-
1 (Figure 1) as one of the GoodList substructures in the MolGen analysis. MolGen can in principle expand 
ch2ch2-1 to an O-propyl or a hydroxyethylene group. In fact there were too few remaining protons to fill 
out the quaternary carbon of ch2ch2-1 to make a methyl group, but attachment of the oxygen atom to 
hydrogen was possible, and because of this we got twice as many candidate structures (6) from MolGen as 
we got (3) from GENOA. 

The problem is solved, in both GENOA and MolGen, by simply telling the programs everything that we 
know about the substructure. For example, we know that the oxygen atom of ch2ch2-1 is not attached to a 
hydrogen atom. We can probably assume that it is not attached to oxygen, since that would lead to a 
peroxide. Therefore, with the constraints inherent in the molecular formula, it must be attached to carbon. 

1 See NMR Newsletter, March 1998, #474, p. 5. 
2 See NMR Newsletter, April 1998, #475, p. 29. 
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We don't know how many protons are attached to that carbon, or even its hybridization, but with the default 
free valence definition of MolGen the substructure ch2ch2-2 provides the constraint we want. With this 
substructure added to GoodList, MolGen gets the same final three structures that GENOA does. 

Let's go through another example of free valences. One of my favorite compounds for testing these 
programs is borneol. If one inputs the molecular formula of borneol (C10H18O) into MolGen and hits the 
"start" button, one gets a total of 95,312 structures.3 If you put in the multiplicities of all the carbon 
resonances, which is very easy to input in version 3.5 with the "H-distribution" window, the number of 
structures is reduced to 8,295. If one uses the carbon chemical shift data to forbid MolGen from forming 
any multiple bonds (again, easy to do in MolGen) one gets 2191 structures. If one looks at some of these 
structures,4 one sees some strained bicyclic systems that one could probably safely put on BadList, and 
perhaps other substructures that could be ruled out on the basis of chemical shifts. But again it is more 
efficient to put in positive evidence if we have it.2 For example, we know from the proton spectrum that the 
three methyl carbons must be attached to quaternary carbons, so let's try to explain that to the program 
(Figure 2). 

By now we know that sCH3-1 will not work. Since free valences can be satisfied by protons as well as 
other atoms, sCH3-1 can be seen to represent methyl singlets, doublets, or triplets. Thus we should not be 
surprised by the fact that putting three sCH3-l groups on GoodList has no effect on the number of structures 
generated. sCH3-2 uses X atoms, which by definition can be anything but proton. But putting three sCH3-2 
substructures on GoodList leads to no structures passing the constraints! I am not sure why this happens, 
and neither is anyone I have asked. I suspect that this results from pushing the overlapping capabilities of 
substructures on GoodList in MolGen too far. The DEPT data tell us that there are three quaternary 
carbons and three methyl groups in borneol. Thus, two of the methyls must be attached to one of the 
quaternary carbons. Putting three sCH3-2 groups on GoodList implies three methyls and three quaternary 
carbons, and perhaps the program is unable to recognize the necessity to overlap a couple of the latter. 

But with a program as powerful as MolGen, there is always a work-around. The one I chose was to define 
sCH3-3 and put it on BadList. sCH3-3 specifies that the methyl is attached to a carbon bearing at least one 
proton; i.e., a doublet methyl. Since free valences can be satisfied by hydrogen atoms, sCH3-3 could also 
represent a methyl triplet. By putting this substructure on BadList, one rules out all methyls except those 
attached to quaternary carbons. Structure generation with this constraint leads to 306 structures. 

MolGen is a good CASE program, but it is of the type that I have begun to call a "classical" CASE 
program. It leaves all the spectrum interpretation to the molecular structure chemist. In addition, even after 
the human has a clear idea of the constraint he wants to give to the program, there can still be problems 
"translating" this information to the program, as we saw in the example above with borneol. In my next 
contribution I will describe an alternative program, one that I call a "non-classical CASE program. 

ougDorman 
doug_dorman@lilly.com 

3 Don't try to look at these structures by hitting the "Results" button. With this many structures, this crashes 
the program. 
4 With "only" 2,191 structures the program does not crash. 
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Specifications for Vertical Bore, High Resolution NMR Magnet Systems 

NMR Operating Frequency (MHz1H) 200 

Field Strength (Tesla) 4.7 

Nominal Room Temperature Bore Access (mm) 54 89 54 

Magnet Type 
Standard Standard Standard (Standard or shielded) 

Field Stability (Hz/hour 1H) <2 <2 <3 

Axial 5 Gauss Stray Field Contour (Metres) 1.81 2.65 2.19 

Radial 5 Gauss Stray Field Contour (Metres) 1.42 2.0 1.7 

Cryostat Type Compact T3 T3 Compact T3 

Minimum Helium Refill Interval {Days) 80 235 203 80 235 

Helium Refill Volume (Litres) 26 79 68 26 79 

Year Hold Cryostat Option Available X ✓ ✓ X ✓ 

Nitrogen Refill Interval (Days) 14 14 14 14 14 

Minimum Nitrogen Refill Volume (Litres) 32 61 61 32 61 

• Minimum Operational Ceiling Height (Metres) 2.69 2.92 .2.92 2.69 2.92 

System Weight (kg) Including Cryogen's 120 315 391 133 325 

NMR Operating Frequency (MHz1 H) 600 750 

Field Strength (Tesla) 14.0 17.6 

Nominal Room Temperature Bore Access (mm) 51 89 51 

Magnet 
Actively Type Standard Standard 

(Standard or shielded) Shielded 

Field Stability (Hz/hour 1H) <10 <12 <15 

Axial 5 Gauss Stray Field Contour {Metres) 2.5 5.0 7.6 

Radial 5 Gauss Stray Field Contour (Metres) 1.75 3.9 6.1 

Cryostat Type T5FB T4F8L T6 

Minimum Helium Refill Interval (Days) 120 90 60 

Cryostat Helium Refill Volume (Litres) 101 60 187 

Minimum Nitrogen Refill Interval (Days) 15 15 14 

Nitrogen Refill Volume (Litres) 136 100 137 

• Minimum Operational Ceiling Height {Metres) 3.16 3.4 3.78 

System Weight (kg) Including Cryogen's 1180 1200 3000 

Room Temperature Shim Specifications 

Shim Type Number of 
(Model) Channels 

23/54/45 

18/89{73 

26/89{73 

28/51/40 

40/51/40 

29/51/45 

36/63/51 

UK 
Oxford Instruments 
NMR Instruments, 
Old Station Way 
Eynsham, Witney, 
Oxon, OX8 1TL 
England 

23 

18 

26 

28 

40 

29 

36 

Tel: +44 (0)1865 884500 
Fax: +44 (0)1865 884501 
e-mail: info.nmr@oxinst.co.uk 

Dimensions 
External Diameter Internal Diameter 

(Cryostat Bore Size) (NMR Probe Diameter) 

54mm 

89mm 

89mm 

51mm 

51mm 

51mm 

63mm 

France 
Oxford Instruments SA 
Pare Club-Orsay 
Universite, 
27, rue Jean Rostand, 
91893 - Orsay Cedex, 
France 
Tel: +33 1 6941 8990 
Fax: +33 1 6941 8680 

45mm 

73mm 

73mm 

40mm 

40mm 

45mm 

51mm 

Germany 
Oxford Instruments 
GmbH 
Kreuzberger Ring 38, 
Postfach 4509, 
D-6200 Wiesbaden, 
Germany 
Tel: +49 611 76471 
Fax: +49 611 764100 

Visit the Oxford Instruments Web site at http://www.oxinst.com/ 
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9.4 
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Standard Standard Actively 
Shielded 

<3 <15 <8 

2.75 4.2 1.5 

2.2 3.3 1.0 

T3 TS T3 

203 120 183 

68 101 62 

✓ X X 

14 22 14 

61 135 61 

2.92 4.16 2.9 

399 1050 400 

800 

18.8 

63 

Standard (2.2K) 
Pumped 

<15 <15 

8.69 6.3 

6.89 5.0 

T6L T7 

60 60 

216 328 

14 14 

162 167 

3.97 3.97 

4000 4000 

Japan 
Oxford Instruments K.K. 
Haseman Building, 
201106 Tomioka, 
Tokyo, 
Japan 135 
Tel: +8 3 5245 3261 
Fax: +8 3 5245 4472 

500 

11.7 

89 51 89 

Actively Actively Actively 
Shielded Shielded Shielded 

<10 <10 <10 

1.8 1.8 2.5 

1.3 1.3 1.75 

T4F8 T4F8 TSF8 

150 150 140 

83 83 120 

X X X 

15 15 14 

81 81 136 

3.1 3.1 3.16 

610 625 1200 

900 

21 .1 

63 

(2.2K) Pumoed 
With Iron 

Standard Shield 

<15 <15 

12.2 8.73 

9.7 3.81 

T8 

60 

1200 

15 

1800 

8.75 

18000 

USA 
Oxford Instruments 
NMR Instruments, 
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M/S D177, Palo Alto, 
CA 94304-1030, 
USA 
Tel : +1 650 813 9068 
Fax: +1 650 813 9069 
e-mail: oinmrwest@aol .com 
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(525)747-7113 

Deuterium-induced carbon-13 isotope shifts in cross-conjugated systems 

Dear Professor Shapiro: 

478-23 

The deuterium induced 13c isotope shifts for a structurally varied group of 21 nitrogen-containing 
benzoheterocyclic systems, labeled at the NH position, have been measured in DMSO-d6. The analyzed 
compounds included bridged diphenylamines, benzolactams, 4-quinolinone, acridinones, carbazoles 
and indoles (Scheme). The variations of two-bond isotope effects (2..6.) are function of the competitive 
nitrogen lone-pair delocalization into the two neighboring unsaturated systems (a and a') [1-4]. A 
dependence between the 8NH with the arithm~tic mean of 2..6.Ca and 2..6.Ca' is evidenced (Figure). 
Exclusion of 5 -for which the formation of an azepine ring anion with 8 n-electrons on deprotonation 
makes the NH proton less acidic- and 13 improves considerably the quality of the correlation, to give 
r = 0.90. The least-squares equation is 2..6.(Ca + Ca')/2 (ppb) = -25.53 8NH (ppm)+ 146.5. 
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17 CH 20 COMe H 
18 N 21 H COMe 

Scheme. Structural formulae of bridged diphenylamines 1-5, benzolactams 6-13, 4-quinolinone 14, 
acridinones 15, 16, carbazoles 17-19 and indoles 20, 21. 
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Figure a): Plot of 2~ vs. oNH. Symmetrical molecules(~), Ca (0), Ca'(■). b): Plot of 2~(Ca + Ca')/2. 
The plot includes data for indole (a), tetrahydrocyclopent[b]indole (b) and tetrahydrocarbazole (c). 

1. Morales-Rios, <lei Rio, Joseph-Nathan, Magn. Reson. Chem. 27, 1039 (1989). 
2. Morales-Rios, Joseph-Nathan, Magn. Reson. Chem. 29, 49 (1991). 
3. Morales-Rios, Perez-Alvarez, Joseph-Nathan, Zepeda, Magn. Reson. Chem. 32,288 (1994). 
4. Morales-Rios, Joseph-N,athan, Wrackmeyer, Kupce, Magn. Reson. Chem. 31,238 (1993). 

Sincerely yours, 

Martha S. Morales-Rios 
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Re: MRI Investigation of Anomalous Solvent Diffusion in Polymers 

Dear Barry, 

In recent years, MRI methods have proved useful for studying solvent transport behavior 
in polymers and coals. For instance, time-resolved MRI has been used in our lab to distinguish 
between Fickian and Case II swelling dynamics [Cody & Botto, TAMU nmr Newsletter, 424, 25 
(1994)]. Recently we have observed anomalous swelling behavior in cross-linked rubber samples, 
for which the swelling dynamics are found to be intermediate between Fickian and Case II 
diffusion. Our results are unusual given that swelling of rubbers in typically Fickian in nature. 
The samples were cross-linked copolymers of poly(isobutylene)-co-poly(paramethyl-styrene) 
(PIB/PMS), kindly provided by Jeff White at Exxon Chemical. The mole % concentrations of 
PIB and PMS in the polymers were 97% and 3%, and Tg = -73°C and 101°C for PIB and PMS, 
respectively. Thus, the samples have largely 'rubber-like' properties at room temperature. 

Images of cyclohexane uptake in samples were recorded in situ. The sample was 
contained inside a glass cross that was constructed from 5mm NMR tubes and held in place with 
Kel-F holders. The holders were free to slide leaving the samples unconstrained as they swelled. 
Samples were cut longer than they were wide with approximate dimensions 1 x 1 x 10 mm. By 
imaging a slice perpendicular to the long axis, swelling in two dimensions could be observed. 

Front velocity and concentration profiles are diagnostic of the type of swelling behavior. 
Fickian transport is characterized by an exponentially decreasing solvent front that moves as the 
square root of time, while a sharp solvent front moving linearly with time is characteristic of Case 
II diffusion. Figure 1 shows the progression of cyclohexane in three PIB/PMS samples having 
different cross-link densities. Sample 1 is the most cross-linked while sample 3 is the least cross­
linked. The points were fitted to the equation p = v • t", where p = position of solvent front, t = 
time and n is an exponent (n = 0.5 for Fickian and n = 1.0 for case II). The fits gave values for n 
of 0.70, 0.86 and 0.87 for samples 1, 2 and 3, respectively. These values are indicative of 
anomalous swelling behavior. 

Figure 2 presents MRI images and the corresponding front profiles for sample 2. 
Brighter pixels indicate greater signal intensity. Diffusion weighting was employed in the images 
on the right as a means of eliminating signal from bulk cyclohexane. The diffusion coefficient 
of cyclohexane imbibed in the polymer was found to be smaller (by a factor of ca. 2) than that in 
the bulk solution. The relatively sharp front profiles observed indicate non-Fickian swelling. 

Valtier and coworkers [Valtier, M.; Tekely, P.; Kiene, L.; Canet, D. Macormolecules,1995,28, 
4075-4079] noticed another difference between Fickian and Case II swelling. They found that the 
2D contour of the diffusion front reflects the initial shape of the object if the swelling is Case II. 
However, the diffusion contour quickly becomes circular in the case of Fickian swelling. In our 
samples, 2D contours retained the original object shape until the end of the swelling process. 
This indicates that swelling dynamics are closer to case II. 

Observation of bright regions near the solvent front in the diffusion-weighted images is 
also interesting. The profiles obtained reflect gradients in the self-diffusion coefficients of 
cyclohexane across the sample. The data imply that the polymer network is relaxing slowly 
behind the solvent front. We intend to explore this property in more detail in the future. 

Sincerely, 

David M. Gregory Robert E. Botto 
Chemistry Division Chemistry Division 

OpERATEd by THE UNiVERsiry of CHiCAGO foR THE UNiTEd STATES DEpARTMENT of ENERGY 
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D-Glucose-13C C-d 6, 7 
from the Premier Producer of lsotopically Labelled Glucose 

ISOTEC has been the world's leading , 
producer of D-Glucose-13C6 since 1990. 
Isotec also offers two grades of 
D-Glucose-13C6' C-d7 at competitive 
pricing. 

THE ISOTEC ADVANTAGE 
As the world's leading commercial pro­
ducer of Carbon-13, we can and do 
provide our own starting material for 
the production of glucose. 

Our ability to separate and enrich more 
than 30 stable isotopes, including 
Carbon-13, Nitrogen-15, and Oxygen-18 
&-17, gives us a distinct advantage. 
We can be the one source for all of your 
stable isotope products, such as 15N­
Ammonium salts. With the entire pro­
duction process under our control, you 
can count on consistent, high quality 
products that are always available. 

QUALITY CONTROL 
Isotec uses controls throughout the 
production process and i:i,gorously 
tests the final product to minimize 
variation and assure superior quality. 
All of our D-Glucose-13C6' C-d7 meets 
a minimum of 99% chemical purity & 
the isotopic enrichments shown in the 
specs, the highest in the industry. Why 
take a risk on lower grade products? 

Specifications 

Product No.: 
Chemical Purity: 
Isotopic Enrichment: 

Specifications 

Product No.: 
Chemical Purity: 
Isotopic Enrichment: 

81-300-02-2 
min. 99 atom % 
min. 99 atom% 13C, 

97 ~99 atom % D 

81-310-01-3 
min. 99 atom % 
min. 99 atom 13C, 

80 atom% D 

Call our Sales Office at 1-~00-448-9760 for information, technical assistance, 

price quotations, to place an order, or to request a copy of our FREE catalog. 

IIDTECJNc. 
A~~ USACompmy 

3858 Benner Rood • Miamisburg, OH 45342 • isosales@isotec.com • www.isotec.com • Fox (937) 859-4878 



L-Aspartic Acid-13C4, 15N 
13 1sNH 

- 2 -. 
13 1~ 1C02H 

L-Phenylalanine-13C9, 1 SN 

L-Leucine-13C6, 15N 

The fully 13C. 15 N labelled amino acids shown above are just a few examples of the extensive line of laballed amino acids 
that Isotec offers. 

·A Comprehensive Line of Fully 13C,15N Labelled Amino Acids 
From the Premier Producer of lsotopically Labelled Amino Acids 

ISOTEC, the world's leading producer 

of isotopically labelled compounds 
continues to expand its extensive 
product line. Isotec offers a compre­
hensive line of fully 13C, 15N labelled 

amino acids for different applications 
including the production of specifical­
ly labelled proteins and polypeptides. 

Please request information on the 
availabillity of fully 13C, 15N labelled 
amino acids and their derivatives 
including N-FMOC, N-t-BOC & CBZ. 

THE ISOTEC ADVANTAGE 
As the world's leading commercial 
producer of stable isotopes, including 
Carbon-13, Nitrogen-15, Oxygen-17 
and-18, we provide our own starting 
material for the production of fully 
13C, 15N labelled amino acids. We are 

expanding our Carbon-13 production 
capacity to meet your needs. 

Our ability to separate and enrich 
more than 30 stable isotopes gives 
us a distinct advantage. We can be 
the one source for all of your stable 

isotope products, such as 15N­
Ammonium salts, D-Glucose-13C6' 
D-Glucose-13C, C-d7, Isogro™ and 

fully 13C, 15N labelled amino acids for 
protein expression and polypeptide 
synthesis. With the entire production 
process under our control, you can 

count on consistent, high quality 
products that are always available. 

SOME FULLY 13C, 15N AMINO ACIDS 
L-Alanine-13Cy isN 
L-Aroinine-13C isN o--· 4' 4 

L-Asparagine-13C4, 15N2 

L-Aspartic Acid-13C4' 15N 
L-Glutamic Acid-13Cs, 15N 
L-Glutamine-13C 15N 5' 2 
Glycine-13½, isN 

L-Isoleucine-13C 15N 6' 
L-Leucine-13C6' 15N 
L-Lvsine-13C 15N 

'J 6' 2 

L-Phenylalanine-13c;_ 15N 
L-Serine-13½' isN 

L-Threonine-13C4, 15N 

L-4-Hydroxyphenylalanine-13c;, 15N 
L-Valine-13C,s, 15N 

For more information, 
technical assistance, or 
to place an order, please 
call us toll-free at 

1-800-448-9760. 

ISOTEC INC. 

3858 Benner Road 

Miamisburg, OH 45342 

U.S.A. 

. (937)859-1808 

Fax (937) 859-4878 

isosales@isotec.com 

http://www.isotec.com 

IIDTECJNc. 
A~ USACompany 

PROMOTING RESEARCH AND DISCOVERY 
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June 25, 1998 (received 6/26/98) 

Emerging Figures of Merit for NMR: 
Choosing the Right Probe for the Job 

Dean L. Olson, Paul F. Molitor, Michael E. Lacey, Jonathan V. Sweedler 
School of Chemical Sciences, University of Illinois at Urbana-Champaign 

Dear Barry and NMR Newsletter Readers, 
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In light ofrecent advances and applications in NMR for trace analysis [1-4], new figures of merit are 
emerging [ 4] for users to evaluate and compare relative probe performance for a particular 
application [5]. Here, we present a few helpful definitions and interpret them with respect to common 
NMR experiments. 

NMR users are accustomed to an expression of SIN for a given analyte concentration, such as O .1 % 
ethylbenzene in CDC13 , or 40% dioxane in CJ)6 • This performance parameter can be more explicitly 
defined as the concentration sensitivity 

s = 
C 

SIN 

C • tv2 

where C is the sample concentration, and the t112 term normalizes for the total experiment time by 
incorporating into a single variable the acquisition time, number of transients, pre-delay, etc. Such 
a definition, however, may not tell the whole story for a probe which has been designed for mass­
limited samples. In such a case, a more relevant indicator of probe performance is the mass sensitivity 

s = 
m 

SIN 

mol • t 1/2 

where the mole amount is the portion of the sample which lies within the NMR coil observe volume, 
V obs . The V obs and sample concentration are used to compute the moles of observed sample. 

We now consider some cases where sample mass is and isn't limiting to the analysis. The first 
example derives from product literature for a probe designed for trace analysis. In a recently received 
advertisement for the Nalorac SMIDG SUBMICRO™ probe, a proton spectrum is included which 
was acquired on a total sample of 172 µg of sucrose in 23 µL of D2O (21.8 mM) in the 1. 7 mm o.d. 
sample tube. The single-scan SIN= 193 for the anomeric proton on a 600 MHz spectrometer with 
an acquisition time of 4.1 sec. Since the total sample volume equals the observe volume in this 
example, the sensitivities (with appropriate units) are easily computed and appear in Table 1. 

Suppose an analyst wants to know what the result would be for the same sample mass in a 5 mm 
probe. A good comparison is to acquire an identical spectrum on a sucrose concentration which 
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corresponds to the same mass of sucrose (172 µg) dissolved in the observe volume of the 5 mm 
probe. Based on a coil length of 16 mm and a tube i.d. of4.2 mm, Vobs = 222 µL (2.26 mM sucrose). 
The anomeric proton SIN= 136 for a single scan on our 600 :MHz Varian INOV A™ spectrometer 
using the Varian 5 mm proton detection probe. We used the same data acquisition and processing 
parameters and have presumed that line width and shape are comparable; the resultant sensitivities 
appear in Table 1. Clearly, the mass sensitivity is better for the SMIDG probe, but the concentration 
sensitivity is better for the 5 mm Varian probe. 

An additional figure of merit to consider especially when comparing NMR probes for use as detectors 
in separations like LC-NMR, CE-NMR, and CEC-NMR [6], is the limit of detection (LOD) defined 
in terms of the concentration or mass of sample which yields a SIN= 3. These values are affected by 
the experiment time as well, so that 

LODC = 
3•C•t 112 

SIN 
and LODm = 

3 • mo! • t 112 

SIN 

where the mole quantity again refers to that amount of sample in the observe volume. These values 
appear in Table 1 for the two previous probes. The LODs are consistent with the earlier conclusions, 
but also allow the user to compute the approximate mass or concentration of sample needed to 
acquire a given SIN in a particular probe. 

Our research focuses on developing sensitive NMR detectors for mass-limited conditions using 
solenoidal microcoils fabricated directly on capillaries. For a microcoil wound on capillary with a 357 
µm o.d. and V <XIS= 5 nL [7], the SIN= 32 for the sucrose anomeric proton. The data were acquired 
on a 300 :MHz spectrometer using acquisition and analysis conditions different from the previous two 
examples. Though the total experiment time is 60 sec, a time-normalized comparison can still be 
made. The figures of merit for sucrose in the microcoil are included in Table 1. In comparison to the 
other two probes, these performance indicators show that the microcoil achieves the highest Sm and 
requires the smallest sample size, but is limited in Sc . It should be noted that a significant 
improvement in Sc and a proportionate decrease in LODc for the microcoil can be attained by 
increasing V obs [8]. Users should bear in mind that the possibility of radiation damping becomes 
greater in a more mass-sensitive probe. 

To conclude, performance comparisons for N1v1R probes employed under different analytical 
situations are easily rendered using the figures of merit described here. These performance criteria 
are readily obtained and quite useful in choosing a probe for a particular analysis. An additional 
consideration is the total sample amount available to the analyst and how it can be most effectively 
prepared to generate an acceptable result. For instance, in the cases of the 5 mm probe and the 
microcoil, only a fraction of the total sample (the observe factor) lies within V obs. Consequently, this 
may require the use of a speciality tube, susceptibility matched plugs, or additional sample. A mass­
limited condition probably calls for the greatest Sm, which is usually the probe with the smallest coil. 
A situation which is not mass-limited, or where the sample already exists in a relatively large volume 
and can't be concentrated, would benefit by using the probe with the largest Sc, which will usually 
have the biggest V obs . Determination of the figures of merit described here help guide the user in 
choosing the most appropriate NMR probe for the job. 
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Table 1. 

Figure of Merit Varian 5 mm N alorac SMIDG Microcoil 

Sc (SIN• mM-1 • sec-112 
) 30 4.4 0.0083 

.......................................................... . ........................ .............. .............................................. ........................................ 

Sm (SIN• µmol -1 • sec -112 ) 134 190 1660 

LODC (mM• sec112 •S/N-1
) 0.10 0.69 360 

.......................................................... ...... ................................ ······------------··············----------- ----····-----························ 
LODm (nmol • sec112 •S/N-1

) 22 16 1.8 

Please credit this contribution to Dr. Vera Mainz, Director of the Varian-Oxford Instruments Center 
for Excellence in NMR (VOICE Lab) at the School of Chemical Sciences, University of Illinois. 

Best regards, 

Dean L. Olson Paul F. Molitor Jonathan V. Sweedler 
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Department of Radiology 
The Mary Nell and Ralph B. Rogers 
Magnetic Resonance Center 

Dr. B. L. Shapiro 
The NMR Newsletter 
966 Elsinore Court 
Palo Alto, CA 94303 

Dear Barry, 

THE UNIVERSITY OF TEXAS 

SOUTHWESTERN MEDICAL CENTER 
AT DALLAS 

June 10, 1998 
(receiva:I 6/16/98) 

Southwestern Medical School 
Southwestern Graduate School 

ofBiomedical Sciences 
Southwestern Allied Health Sciences School 

39K Noise at 4. 7 Tesla 

Rebently, I decided to expand my horizons a little and do 39K NMR as well as 23Na relaxation 
experiments, in spite of the 200-fold loss in sensitivity. Potassium is an extremely important biomedical 
ion (as well as sodium) but researchers have reported a decrease in 39K NMR "visibility" with lowering 
B0. With this in mind, I decided to set up 39K experiments. Because of the short T 2 of the satellite 
transition (spin I = 3/2), I decided to use the wideline probe on our Bruker MSL-200 with 4. 7 T super­
wide-bore (15 cm) vertical magnet. Later on, if our new Varian INOV A 300 :MIIz console ever achieves 
39K functionality, I hope to check the B0 dependence reported for biological tissue. 

I had expected a weak signal, but the initial SIN was unexpectedly low. By tweeking the electronics, 
such as the duplexer, I achieved "reasonable" signal strength; but, the signal was just too noisy, with a 
noise level that changed hourly. Because the 39K signal is at 9.339 MHz, it was in the range of my 
portable short wave radio. With it, I found extremely intense noise around 9 .3 MHz all over the lab, 
but especially strong at the magnet and even stronger at the console. I went next door to the new 

I 

clinical Phillips MRI machine and found that one of the monitors emits very strong 9 .3 :MIIz noise. I 
found the same noise at the two GE/Omega consoles in two other labs, at the monitor of my office PC 
(486, 66 MHz), and at the monitor of my home PC (Pentium IT, 266 :MIIz). However, I did not find 
such noise (either at 9.3 MHz or at 14 MHz) at the SUN computers of the two Varian !NOVA consoles 
or at the monitor of a Dell 90 :MIIz Pentium computer in the computer room. Because such r.f. noise 
is so prevaient and extremely strong, it is a real problem. I had simiiar problems twenty years ago with 
the TI Silent Writer terminal on the Nicolet computer used to control a home-made NMR spectrometer, 
but that noise was around 13 .3 :MIIz. 

Obviously, shielding/filtering is important for the probe, pre-amp, r.f. cables (RG-58 cables are leaky), 
power leads to the pre-amp, cables to the magnet shims, etc. I am making headway on the problem, but 
I would appreciate advice from others who may have had similar problems. 

Sincerely, 

/}-d),V' 
Donald E. Woessner 
dwoess@mednet.swmed.edu 

5801 Forest Park Rd. / Dallas, Texas 75235-9085 / (214)648-5886 Telefax (214)648-5881 



WE JUST CUT THE COST OF PURCHASING AN NMR IN HALF! 

AGAIN! 
Announcing our new Customer DirecfTM program, by which we can provide you with a 
previously owned NMR system at typically 25% of the cost of new. 

This program should be a perfect solution for replacing that old EM-360 or FX-90 Q, or 
starting a new NMR lab on a limited budget. Just let us know what you need, and we 
will do the rest: 
♦ Locate and obtain a used system that closely matches your requirements 
♦ Check the system for basic functionality at its existing site 
♦ Pack and ship the system to you 
• Install the system at your facility 
♦ Re-check functionality (minimum basic 1H and 13C acquisitions) 
♦ Provide a 30-day warranty 

You get a guaranteed functioning system, installed and tested, at an unbelievably low 
price. Here are some examples of actual systems we are currently offering under this 
plan: 

• Varian XL-200, including broadband electronics, 1 H/13C switchable probe. 
• Varian Gemini 200, including dual 1 H/13C electronics, 1 H/13C switchable probe. 
• Bruker AC-200, including broadband electronics, 1 H/13C switchable probe. 
• GE QE-300, including dual 1H/13C electronics, 1H/13C switchable probe. 
• Varian VXR-300, including broadband electronics, 1 H/13C switchable probe. 

$29,000. 
$45,000. 
$45,000. 
$45,000. 
$58,000. 

In addition, any of these systems may be purchased under lease, with typical payments as low as 
$627. per month for the XL-200. 

Of course, we still offer our Fully RemanufacturedNMR program, for like-new value at 
typically 50% to 60% of the cost of new. This program includes: 

• Comprehensive remanufacturing of the system 
• Upgrades to the latest engineering levels 
• Thorough final test at our factory 
• Expert assistance with site preparation and analysis 
• Installation with demonstration of specifications 
• Comprehensive user training 
• Full six month warranty coverage 

Customer Direct or full Fully Remanufactured - either way we have a program to fit 
your needs. Just tell us what you want, and let us do the rest! 

MR Resources, Inc., PO Box 880, 158 R Main Street, Gardner, Massachusetts 01440 
TEL: (978) 632-7000 FAX: (978) 630-2509 

Email : infocalmrr.com, World Wide Web: www.mrr.com 



SPECIAL DISCOUNT ON NEW SERVICE AGREEMENTS! 

OFFER ENDS AUGUST 31, 1998 

MR Resources is offering a first-year, 20% discount on all new service agreements for 
Varian instruments initiated before September 1, 1998. This is our way of introducing 
you to our recently expanded Varian parts inventory and expertise, all dedicated to 
keeping your Varian system at top efficiency. 

Each MR Resources service agreement includes: 

♦ Semi-Annual inspections: On a pre-scheduled, semi-annual basis, 
MR Resources engineers will review the operation of all systems and ensure 
that they are at peak performance. 

♦ Preventative maintenance: All required preventative maintenance, 
such as magnet condition (o-rings, boil-off, He level sense electronics, etc.), 
shim tuning and cleaning operations (sample turbine, air dryers, filters on 
computer and console, etc.) will be performed during the semi-annual visits. 

♦ Quench protection: Re-energization after a quench will be provided, or 
should the worst occur, a complete magnet rebuild should the o-ring seals in 
the magnet system fail (common in older magnet super-conducting systems). 

♦ Full parts and labor service coverage: Parts and on-site service 
will be provided as needed, should a problem arise with your system. All 
labor and parts are included within these agreements. 

♦ Parts and accessories discount: A 10% discount toward the 
purchase of parts and accessories will be given during the active period of a 
service agreement. Examples to which this discount may be applied include 
additional probes, data storage devices, line power conditioners and system 
upgrades. 

Funding problems are no excuse for taking chances with your instrument. If your 
budget it tight, we can modify our coverage to suite your specific needs. 

Varian spectrometers are very reliable, but nothing is perfect! Don't be caught 
unprepared. Gi_ve us a chance to show you the excellent care we can provide for your 
Varian systems . 

* Of course, we also provide great service and parts coverage for Bruker, GE, and IBM spectrometers. If 
you have a multi-vendor NMR lab, let us be your single source for service and support. 

MR Resources, Inc., PO Box 880, 158 R Main Street, Gardner, Massachusetts 01440 
TEL: (978) 632-7000 FAX: (978) 630-2509 

Email: info@mrr.com, World Wide Web: www.mrr.com 
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Dr. B. L. Shapiro, 
THe NMR Newsletter, 
966 Elsinore Court, 
Palo Alto, CA 94303, USA. 

June 1, 1998 
(received 6/6/98) 

title: NMR of fluoroboron cations including 11B,19F HETCOR 

Dear Barry: 

Our 19p and 11B nmr studies of the formation of fluoroboron cations (D2BF2+ and 
D3BF2+; D = various Lewis bases1) have recently been given a major boost from the 
capabilities of McMaster University's Bruker DRX-500 instrument. Its full 19p capability, 
which allows a wide range of X nucleus-fluorine 2D experiments, was installed to extend 
the work of Gary Schrobilgen's research group at McMaster, which is a leader in inorganic 
fluorine chemistry and has many interesting multinuclear nmr studies to its credit. We do 
our routine work at Brock University on our "workhorse" 12-year-old Bruker AC-200 (for 
solution work) and our 2-year-old Bruker DPX-300 (for MAS), and have access to the 
McMaster DRX-500 when necessary. One very simple advantage of the DRX-500 is that 
we can obtain 1D 19p and 11 B spectra in rapid succession: important because many of our 
systems are highly reactive and change with time. 

We have been working on the synthesis of fluoroboron cations involving chelating donors, 
few of which are known. These are best made by ligand displacement from easier-to-
prepare fluoroboron cations such as pyr2BF2+ (readily isolable as its PF6- saltl) or ligand 
and Cl- displacement from adducts such as pyr.BF2CI. Two displacements by a single 
bidentate ligand give the desired chelated-donor difluoroboron cations. Similar approaches 
starting from pyr3BF2+, pyr2BFCI+, or pyr.BFCh and involving three displacements 
should give fully chelated BF2+ cations of tridentate ligands such as pentamethyl­
diethylenetriamine (I). 

\/\/\/ 
-N N N-

I 

I II III 

The Figure shows a portion of the 11B,19p HETCOR spectrum of the complex system 
resulting from reaction of I with the adduct system 4-methylpyridine.BF3 + BCl3, which 
was already complex and contained species such as 4-Mepyr.BFC12 (formed by halogen 
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redistribution) and 4-Mepyr2BF2+ (formed by displacement of Cl- from 4-Mepyr.BF2Cl by 
further 4-Mepyr). Adding I causes further displacements, and new species incorporating I 
appear. Of particular interest is the llB signal at 3.5 ppm which correlates with two 19p 
signals at-152.2 and-154.1 ppm. This is consistent with the tridentate ligand coordinating 
to boron via its centre N and one of its terminal N's to give II in which the centre N is 
chiral, making the BF2 fluorines prochiral and magnetically nonequivalent. This is 
confirmed by the F,F COSY spectrum: of all of the many l9p signals, arising from many 
different species, only these give cross peaks, confirming that the two fluorines are present 
in the same molecule. The one-bond 11B_l9p coupling constants of the magnetically 
nonequivalent fluorines are appreciably different (32.9 and 37.6 Hz). The two-bond 19p_ 
19p coupling constant of 61.2 Hz is consistent with the relatively few reported examples of 
two-bond FBF coupling (e.g. B2Fr, 95 ± 10 Hz2a; (PhCH2NMeEt)2BF2+, 72 Hz2b, 
D*BF2X (X = Br, I), 33-49 Hz2b). The Figure also shows the emergence of what we 
believe to be the first fully-chelated tridentate-ligand fluoroboron species, Ill 



We thank Dr. Don Hughes and Mr. Brian Sayer for assistance and the Department of 
Chemistry, McMaster University, for instrument time. We also thank Prof. Alex Janzen, 
University of Manitoba, for discussions leading to our work on these systems. 

Yours sincerely, 

J. S. Hartman 
Professor of Chemistry 
shartman @chemiris .labs. brocku.ca 

References 

James A. Winston Shoemaker 
graduate student 
js94cx@badger.ac.brocku.ca 

1. M. J. Farquharson and J. S. Hartman, Can. J. Chem., 74, 1309 (1996). 

2. (a) J. S. Hartman and P. Stilbs, J. Chem. Soc. , Chem. Comm., 566 (1975); (b) A. 
Fox, J. S. Hartman, and R. E. Humphries, J. Chem. Soc., Dalton Trans., 1275 
(1982). 

Position Available 

Bruker Instruments Inc. has an immediate opening in its Billerica MA applications laboratory for an 

Applications Specialist in Solid State NMR. 

The position requires a Ph.Dor M.Scin Chemistry, Physical Chemistry or Physics with extensive 
experience in Solid State NMR. Knowledge of electronics is strongly desired. Qualified applicants will 
possess superior communications skills, both verbal and written. Excellent interpersonal skills are a must. 
Familiarity with Solution State NMR spectroscopy is a plus. 

The duties of this position include the implementation and demonstration of experiments using our 
instruments; collaboration with the R&D group in testing and evaluating new hardware; customer support 
and interaction through phone, e-mail and personal contact during site visits; conducting lectures, seminars 
and training programs in house and in the field. Some travel is required. 

Applicants should refer to job AS05/98 and send a resume, including names and addresses of three 
references and salary expectations to: 

Carol Cuozzi 
Bruker Instruments Inc. 
19 Fortune Drive 
Billerica MA O 1821 

Bruker is a equal opportunity, affirmative action 
employer 

Electronic submissions should contain the resume 
in a standard PC word processing format 

478-37 
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LinnestraBe 3, e-mail: stberger@rz.uni-leipzig.de 
04103 Leipzig 

Prof Dr. B. L. Shapiro 
The NMR. Newsletter 
966 Elsinore Court 
Palo Alto, CAL. 94303 
USA 

Tricoordinate Zincates 

Dear Barry, 

Leipzig, 17.06.98 
(received 6/24/98) 

The structures of organometallic reagents important in synthetic procedures are continually 
studied under the assumption that a better knowledge of the ground state structures of the 
reagents will lead to improved control in the reactivity (e.g. selectivity) of their reactions. We 
have studied by NMR. spectroscopy 13c_ and 6Li-labeled methyl cuprates to address further 
the much debated topic of "higher order" organocuprates vs. "lower order'' organocuprates.1 
An identical coupling pattern is observed in the lH and lH-coupled 13c spectra for all three 
of the 13c labeled organocuprates Me1CuLi (1), Me3CuLiz, (2), and M~Cu(CN)Liz (3) 
with the following coupling constants: JcH= 109.5 Hz, 2Jcc = 21 Hz, JcH = -0.8 Hz, 
and 4JHH = 0 Hz (see Figure la). We have recently published resu1ts2 indicating that the 
predominant solution structures of organocuprates 2 and 3 are lower-order in nature, and the 
dimethyl-cuprate core resembles that found for 1. · 

Our attention has now turned to the homologous zinc rea~ents. 3 The neutral MezZn 
(4) reagent shows a similar coupling pattern (1JcH = 116.1 Hz, Jee= 15.3 Hz, 3JcH = -
0.1 Hz, and 4JHH = 0 Hz) to isoelectronic 1 (see Figure lb). However, unlike the copper 
system, treatment ofMezZn with another equivalent of MeLi results in formation of a higher­
order zincate Me3ZnLi (5) as evidenced by the change in the proton coupled 13c NMR 
spectrum (Figure 2a). This coupling pattern was simulated (Figure 2b) using the WIN­
DAISY simulation program and refined on the experimental spectrum to give the following 
coupling constants: lJcH = 110.9 Hz, 2Jcc = 14.0 Hz, 3JcH = 0.6 Hz, and 4JHH = 0.4 
Hz. We are currently further investigating this zinc system. · 

Sincerelyyour~s · 
,../ f_ fL_ }. Yf. A.Mobl.ey] [S. Berger 

(I) (a)Cabezas, J. A; Oehlschlager, AC. J. Am. Chem. Soc. 1997, J 19, 3878. (b) 
Lipshutz, B. H.; James, B. J. Org. Chem. 1994, 59, 7585. (c) Bertz, S. H.; Nilsson, 
M.; Davidsson, O.; Snyder, J.P. Angew. Chem. 1998, 1 JO, 327. 

(2) Mobley, T. A; Muller, F.; Berger, S. J. Am. Chem. Soc. 1998, 120, 1333. 
(3) (a) Uchiyama, M.; Kondo, Y.; Miura, T.; Sakamoto, T. J. Am. Chem. Soc. 1997, J 19, 

12372. (b) Uchiyama, M.; Koike, M.; Kameda, M.; Kondo, Y.; Sakamoto, T. J. Am. 
Chem.So~ 1996,118,8733 



(b) 

(a) 

Figure 1. lH-coupled 13c NMR of fully 13c-labeled (a) MeiCuLi (I) and 
(b) MeiZn (4) 
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Figure 2. lH-coupled 13c NMR of fully l3c-labeled Me3ZnLi (5) (a) 
experimental and (b) calculated . 
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Fig. 1 

Top trace : 2H NMR spectrum of Benzene in 
the natural abundance oriented in phl/,se ZLI-1114 

Bottom trace : 1H NMR spectrum of Benzene 
oriented in phase ZLl-1114 under identical 
condition 
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SOPHISTICATED INSTRUMENTS FACILITY 
(Sponsored by the Department of Science & Technology, Government of India) 

Dear Barry, 

INDIAN INSTITUTE OF SCIENCE 
May 25, 1998 

(received 6/'22./98) 
Natural Abundance 2H NMR of Oriented Molecules 

BANGALORE-560 012 INDIA 

~ 
Y, 

In the last decade, the field of NMR of oriented molecules appeared to have 
reached a saturation point as far as the structural studies are concerned with only a few 
significant applications. This is essentially due to spectral complexity with increase in 
the number of interacting nuclei. Now it has once again become an active field due to 
several recent developments such as the discovery of thermotropic liquid crystals of low 
order parameter 01the use of lyotropic liquid crystals.as solvents for large biomolecules 
(2) and the use of high magnetic fields for aligning molecules (3). Another development 
in this direction is the possibility of recording natural abundance 2H NMR spectra of pure 
liquid crystals (4). We have recently extended this method to record the natural 
abundance deuterium NMR spectra of dissolved molecules (5). These latter 
developments may be expected to aid the analyses of complex proton spectra. 

The top trace of Fig. I shows the 2H NMR spectrum of benzene in the natural 
abundance oriented in MERCK phase ZLI-1114. The spectrum was obtained on a 
Bruker AMX-400 NMR spectrometer using a 10 mm diameter sample tube in about 18 
hours. A quadrupole split doublet with a separation of 31.952 KHz is observed. This 
corresponds to an order parameter in the plane of the benzene ring equal to 0.1084 
(obtained using a value of 196.5 KHz for the 2H-quadrupole coupling constant). From 
this information, the dipolar coupling between the ortho protons of benzene was derived 
as -852.1 Hz. 

The proton spectrum of the same sample under identical conditions is shown in 
* Fig.1 (bottom trace). The analysis of the spectrum using the standard techniques · also 

gives a value of -852.1 Hz for the ortho H-H dipolar coupling in benzene. 
The results demonstrate that the natural abundance deuterium NMR spectra of 

molecules dissolved in liquid crystals can be obtained within reasonable time on the 
present day spectrometers. Such studies can be used to derive information which can 

. enhance the utility of the NMR spectroscopy of oriented molecules particularly when 
applied to complicated systems. 

References : 
1. L. Lu, G.A. Nagana Gowda, N. Suryaparakash, C.L. Khetrapal and R.G. Weiss, 

Liquid Crystals (In Press). 
2. N. Tjandra and A. Bax, Science 278, 1111 (1997). 
3. N. Tjandra, S.Grzesiek and A. Bax, J. Am. Chem. Soc., 118, 6264 (1996). 
4. K. Tabayashi and K.Akasaka (Private Communication). 
5. C.L. Khetrapal, K.V. Ramanathan, N. Suryaprakash and S.Vivekanandan, J. 

Magn. Reson. (In Press). 

* The figure is on p. 39. 
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The NMR Newsletter - B_ook Reviews 

Book Review Editor: Istvan Pelczer, Dept. of Chemistry, Princeton University, Princeton, NJ 08544 

"NMR Spectroscopy: Processing Strategies" 
(an interactive course) 

by 

Peter Bigler 

478-41 

VCH Verlagsgesellschaft, Weinheim, Germany, 1997; 249 pages, ISBN 3-527-28812-0 
$99.00 (hardcover); A CD-ROM for working with sample spectra is provided. 

Distributed processing of NMR data is widespread, which means that the chemist 
obtains or collects FIDs, and has her /his own software to process these files. Some 
manufacturers have integrated spectral processing, analysis and interpretation tools. It 
means different programmers, different philosophies, different layouts, etc. This programmed 
learning book by Peter Bigler is clearly written for the novice, the non-specialist, although 
experts may also find useful hints on matters hidden by the usual users manual. The book 
fulfills a real need for an up-to-date introduction to NMR data processing, and provides an in­
depth understanding of the advanced processing strategies necessary for a fruitful application 
of modem multidimensional NMR. Clearly the book can be welcomed by Bruker instrument 
users. It is written for explaining the sometimes bewildering and diverse software tools which 
lack an easy-to-learn, but still sufficiently detailed, users' manual. The practitioners who read 
this book and proceed with the worked examples "Check It's" as they occur in the text, will be 
rewarded with a proper functional understanding of NMR data processing/ analysis at a level 
that will allow them to derive full benefit of this spectroscopic method. 

Software facilities are, of course, always being upgraded, and for this reason any text 
can be easily outdated. Anticipation of forthcoming books in this series (e.g. Modem Spectral 
Analysis, Data Acquisition and Intelligent Data Management, in part written by Bruker 
people) makes this piece of work valuable for those who wish to learn the whole game from 
zero knowledge to full structure elucidation. 

The practical summaries of basic lD and 2D experiments typical for applications by 
organic chemists are very useful. Since this is a programmed introduction, first you have to 
install the software, then proceed with tasks of increasing complexity. This explains for 
example the reverse order of processing and display /plot chapters. The book can be used also 
for educational purposes, most efficiently in combination with the Bruker's manual. However, 
to a certain extent, the half-German/half-English abbreviated commands, e.g., StrukEd. are 
annoying. The same is true for mixed language snapshots of the Windows screens. 

Continued 
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The book consists of six Chapters, as follows: 

1. Introduction: Outlines the specific aims of the book, providing the readers with basic 
theoretical and practical knowledge, as well as expert guidance on processing strategies in 
NMR spectroscopy. 

2. Your Personal "PC NMR Processing Station": Includes hints for installation of 1D/2D 
WIN-NMR and the GETFILE file transfer protocol. However, it seems that network problems, if 
such arise, should be deferred to the expert. 

3. Modern Homo- and Heteronuclear lD and 2D NMR Experiments: A short overview: 
Simplified theoretical descriptions, pulse sequence figures (as plotted by the NMRSIM 
module), application field, examples of spectra, and a useful collection of recommended 
readings are provided. 

4. How to Display and Plot lD and 2D Spectra: Assuming that processed spectra are 
available, a step-by-step description is given, based on pull-down menus and commands. 

5. How to Process lD and 2D NMR Data: Provides the fundamental concepts of NMR 
data processing. Many examples of lD and 2D applications are presented at both basic and 
advanced levels to help the readers assess an overall mastery of the processing strategies. 

6. NMR Data of an Unknown Oligosaccharide: For a self-test, a real situation of 
structure elucidation is provided. At this final stage, the reader can check her /his skill with 
the different processing tools in applying them to the structure determination of an unknown 
oligosaccharide. 

Following Chapter 6 are a glossary and a subject index. 

A few items of practical importance deserve be mentioned, such as explanation of linear 
prediction, multiplet analysis (which can be useful for teaching first order analysis), diagonal 
removal from 2D spectra, and efficient lD WIN-NMR serial processing. Some things seem to 
be missing, however, such as preferred settings for ftp in Getfile, or are not explained clearly 
enough. In the Open menu, for example, how the Hosts should be defined: is it the NFS the 
remotely defined Host? Also, in T1 analysis, if you are not aware that the variable delay list 
format is different in UXNMR and WIN-NMR, you are lost. 

In summary, we believe that the book provides a very useful and practical treatise of 
data processing strategies employed in modern NMR spectroscopy, and is a very welcome 
addition to existing software manuals. Practical NMR courses organized at universities, 
technical schools, etc., can derive full benefit of the material presented in the book. 

Gyu.la Batta 
Research Group for Antibiotics 
L. Kossuth University 
H-4010 Debrecen, P. 0. Box 70 
Hungary 

Katalin E. Kover 
Department of Chemistry 
L. Kossuth University 
H-4010 Debrecen, P. 0. Box 20 
Hungary 



Address all Newsletter Deadline Dates 
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Mailing Label Adornment: Is Your Dot Red? 

If the mailing label on your envelope is adorned with a large red dot: this decoration 
means that you will not be mailed any more issues until a technical contribution has 

been received. 

Forthcoming NMR Meetings, continued from page I : 

Spin Choreography - a symposium in appreciation of Ray Freeman, Cambridge, England, April 8-11, 1999; web site: 
http://mchsg4.ch.man.ac.uk/mcmr/RF.html; fax: c/o M.H.Levitt +46-8-15 2187; email: mhl@physc.su.se. 

41st ENC (Experimental NMR Conference), Asilomar Conference Center, Pacific Grove, CA, April 9-14, 2000; Contact: ENC, 
1201 Don Diego Avenue, Santa Fe, NM 87505; (505) 989-4573; Fax: (505) 989-1073; Email: enc@enc-conference.org. 

Additional listings of meetings, etc., are invited. 



How To Run JEOL's 
Ecli ectrometer 

Step 1: Enter your sample name and the solvent. 

Step 2: Click the mouse button on the data you 
want. 

Step 3: Walk away with your data. 

JEOL's Eclipse Spectrometer will automatical~:¥ -.mL~~~00
·::. · · 

.. ,,,,.,.,;~ ,.- - 1~,.······· :,(" ; 

everything else for you. · fit;::~, .. ___ ., · · 1 g 

v Auto Probe Tuning (with AutoTune Broad Band Prd~e) ,] ,S 
v" Auto-sample Control (with AutoSample Changer) \ t\. 
v" Auto Selection of Spectrometer Conditions 

v" Auto Baseline Correction 

v" Auto Data Presentation _ , ,~-
·- .,.. .. ,~,·--·.W•{;,'~~--~:-: .. .. ~-•,. .. . ..... 

v" Auto Phase Correction r?;;,:~ ., ... · \ \, . \ 
·:Tu 1~ \ ·i~·t 

V Auto Digital Filtering l r~ \ \ i i 
V Auto S/N Monitoring \ ~ l \ J 
~ ::: ::::i::o;::• \t~~~ 
v" Auto Data Storage 

v" Auto Referencing 

v" Auto Processing 

v" Auto Peak Picks 

v" Auto Integration 

v" Auto Plotting 

V Auto Shim 

v" Auto Lock 
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JEOL USA, Inc., 11 Dearborn Road, Peabody, MA 01960 
Tel: (508)535-5900 Fax: (508)536-2205 

Email: nmr@jeol.com WWW: http://www.jeol.com 
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