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Numerical Diagonal Suppression in COSY 

Dear Barry, 

Public Health Service 
National Institutes of Health 

National Institute of Diabetes and 
Digestive and Kidney Diseases 
Bethesda, Maryland 20892 

July 4, 2000 
(received 7/7/'2JJJJ) 

Under the gentle guidance and encouragement of Ad Bax, we've been revisiting the problem of 
measuring proton-proton couplings from traditional COSY spectra. Of course, the problem in 
COSY spectra is well known: In both frequency dimensions, the diagonal is 90° out of phase 
relative to the cross peaks. So, when phasing the cross peaks to be absorptive, the tails from the 
dispersive diagonal peaks obscure many of the nearby cross peaks (see top panel of Figure). A 
long, long time ago, Luciano Mueller suggested an elegant way of subtracting the diagonal by 
conducting a COSY experiment without a mixing pulse (1). Alternatively, such a no-mixing pulse 
"COSY" spectrum can be generated from a single FID (2). Unfortunately, in Ad's soupy samples, 
which besides our little molecules contain liquid crystal such as bicelles or phages, this trick does 
not work so well. Instead, we therefore went back and tried to attenuate the diagonal signals 
numerically. We've had good results using a scheme that combines frequency shifting with 
methods usually used for solvent signal subtraction, such as the time-domain convolution method 
(3) and time-domain polynomial subtraction (4). As you know, these solvent subtraction methods 
are designed to suppress low-frequency signals, i.e. those at the center of the spectrum. Therefore, 
if we temporarily shift columns of a 2D spectrum in such a way that the diagonal signal is moved to 
the center, these low-frequency suppression methods can also be used for diagonal suppression. 
This means we need to apply an amount of shifting that varies according to the position of the 
diagonal signal in any given column (vector). Since frequency shifting can be achieved by a first­
order phase correction in the time domain, the diagonal suppression steps can all be carried out in 
the t1 time domain. In practice, after the t2 Fourier transformation and absorptive phasing, the 
frequency shifting, diagonal subtraction, and frequency unshifting are applied to the t1 vectors of 
the 2D data matrix. 

We've implemented this scheme using facilities of our software ~stem NMRPipe. This may be 
especially apropos, since interestingly (if you find obscure NMR software history interesting) the 
very first application of our pipeline-based software was implementation of a diagonal zeroing 
method by Mitsu Ikura and Istvan Pelczer, a close relative of the current scheme. In any event, a 
complete description of NMRPipe in its current form, including details on how to decipher 
processing schemes such as the ones here, can be found at: http://spin.niddk.nih.gov/bax/software. 

(1) L. Mueller, J. Magn. Reson. 72, 191 (1987). 
(2) D . Marion and A. Bax, J. Magn. Reson. 80, 528-533 (1988). 
(3) Marion D., Ikura, M., and Bax, A., J. Magn. Reson. 84, 425-430 (I 989). 
(4) Callaghan, P.T., MacKay, A.L., Pauls, K.P., Soderman, 0 ., and Bloom, M., J. Magn. Reson. 56, 101-109 (1984). 
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An example UNIX processing pipeline script for our 2D COSY processing is shown below. In the 
r 

scheme, the directly-detected dimension is processed as usual, but with the signals of the first t1 
increment phased absorptively after the first FT. Then, each i1 vector in the indirect dimension is 
shifted via phase correction so that its diagonal signal becom6s oh-resonance, a "solvent" filter is 
applied by subtracting a best-fit 4th or 5th order polynomial, ind the vector is shifted back again. 
The solvent filter methods sometimes distort intensities at the hbad and tail of the time-domain data, 
leading to baseline curvature near the region of signal suppresdion in the spectrum. So in this case, 
since the signals of interest are sine-modulated, the leading p~ints of the time-domain data can be 
attenuated with a suitable window without affecting the cross peak signals. Here, we used a custom 
roll-off function with a cosine-squared form. After these diagbnal suppression steps, the t1 vectors 
are then processed as usual, and finally, the direct dimension i1s rephased to dispersive mode. The 
script is annotated to describe the processing steps, with tlie functions applied to the indirect 
dimension given in bold: f 

nrnrPipe -in test.fid \ Read FID 
nrnrPipe -fn SP -o_ff 0. 5 -pow 2 -end 0. 95 -c 0. 5 \ Window, 1st Point Scale 
nmrPipe -fn ZF -size 2048 \ Zeko Fill 
nmrPipe -fn FT -verb \ Fourier Transform 
nmrPipe -fn PS -po 138.7 -pl 18.1 -di \ F2 1Phase Correction 
nrnrPipe -fn TP \ 2D Transpose 
nmrPipe -fn MAC -macro diagShift.M \ Shirt Diagona1 to Center 
runrPipe -fn POLY -time \ Pofynomia2 So2vent Fi1ter 
runrPipe -fn MAC -macro diagUnShift.M \ Shirt Diagona1 Back 
nrnrPipe -fn MAC -macro csr. M -var wide 10 \ Attenuate Head or FID 
runrPipe -fn SP -off 0.5 -pow 2 -end 0.95 -c 1.0 \ wilidow 
runrPipe -fn ZF -size 2048 \ Ze~o Fi11 
nrnrPipe -fn FT -verb \ Foizrier Transform 
nmrPipe -fn PS -p0 -110 -pl 220 -di \ F1 !Phase Correction 
nrnrPipe -fn POLY -auto \ Auto Base1ine Correction 
nrnrPipe -fn TP \ 2D r Transpose 
nrnrPipe -fn POLY -auto \ Auto Baseline Correction 
nmrPipe -fn PS -p0 90 -ht -di \ Rephase F2 to Dispersive 

-out test.ft2 -verb -ov Write Spectrum 

We decided to implement the shifting operations using th1 macro interpreter facility of 
NMRPipe, which allows custom functions to be included in processing schemes without the 
need to compile new versions of the software. The macro 

1
1anguage is a subset of the C 

programming language, augmented with a number of vector processing functions. The 
shifting macro diagShift. Mis shown below; it is invoked once for each tl vector in the 
interferogram. The macro language provides many automatically defined variables that 
describe the current data. In this case, the variables x s i z e Jnd y s i z e give the number of 
points in tl _ and f2 respectively, and ~Loe gives th~ index :number of the tl vector being 
processed, m the range of I to ySize. The variables rdata and idata are arrays 
containing the real and imaginary parts of the current vector Finally, phase( ) is a vector 
processing function which applies a zero and first order correction as given in degrees: 

xMid = 1 + xSize/2; 
yMid = 1 + ySize/2; 

slope = (1 - xMid)/(yMid - l); 
offset= -slope*yMid; 
shift = slope*yLoc + offset; 

p0 = 0 .0 ; 
pl = -360.0*shift; 

(void) phase( rdata, idata, xSize, p0, pl); 

r 
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The cosine-squared roll-off function was also 
implemented as a macro, csr. M, shown here. This 
function multiplies the data by a function that 
increases from zero to one over the first several 
points in the data, and leaves the remainder of the 
data unchanged. The number of points attenuated is 
specified by the variable wide, which is taken from 
the command-line of the processing script: 

for( i = 0; i < wide; i++) 
{ 

} 

C = cos( O.S*PI*i/wide ); 
w = 1. O - c*c; 

rdata[i] *= w; 
idata[i] *= w; 

On the right, an example result is shown for a 
diagonal region in a 2D COSY of a DNA sample, 
spanning 2.96 to 1.44 ppm. The topmost contour 
plot shows the result of conventional processing, 
which predictably is dominated by the diagonal, 
making the crosspeaks very hard to see or measure. 
The central contour plot shows the same data, as 
processed with the diagonal suppression scheme. 
The crosspeaks here are easily seen, and in this case 
even those close to the diagonal can be quantified. 
The contour plot at bottom shows the diagonal signal 
alone, as generated by taking the difference between 
the original and diagonal suppressed data, then 
rephasing both dimensions to absorptive mode. In 
this case, the diagonal is well isolated and 
undistorted, and can also be quantified. All three 
plots have been drawn with the same contour 
parameters. 

We hope this may play some part in generating 
renewed interest in COSY spectra of biomolecules. 

Many Cheerful Regard , 

~ 
Frank Delaglio Justin Wu 

as prepared with the earnest benedictions of, 

Ad Bax 
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Perfectly Tuned for 
Every Performance. 

Varian's Mercury and new ATB Probe 
move NMR at a faster tempo. 

. When you're conducting NMR experi­
ments on samples in different solvents, 
an out-of-tune probe can ruin your 
whole performance. 

Our innovative Automation Triple 
Broadband (ATB) Probe's unique 

, circuit design eliminates tuning for 
each sample, saving costly analysis 
time. This is accomplished without 
adjusting ANY parts of the probe. 
The result: an impressive 
improvement in reliability. 

There is no need to worry about 
changing solvents when using the 

ATB Probe. It delivers less than a 5% 
I 

change in the PW90 from DMSO-da 
samples to CDC'3 samples. As we say 
around Varian , it's the "Always Tuned 
Beautifully" probe. 

Combine the ATB Probe with the pow;erful, 
economical Mercury 300 MHz system 

I 
and today's most exciting NMR experiments 
are just a double click away. 

Call or visit our website to experience truly 
remarkable NMR performance. 

1.800.356.4437 
650.424.4890 
www.varianinc.com/nmr/mercury 



MERCURY and the Automation Triple Broadband Probe: 
Automation done right! 
Varian has the intelligent solution: the 300 MHz MERCURY and the Automation Triple Broadband (ATB) 
1H/19F/X probe. Varian's exciting new Automation Triple Broadband probe sets a new standard for automated 

NMR data analysis excellence by eliminating one of the most persistent problems in unattendedNMR analysis­
sensitivity losses between samples in different solvents. 

No probe tuning required for samples in solvents ranging from DMSO ... 

r r y 
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13 C nutation prqjile qf DMSO in DMSO-d6 ... 

. .. to Benzene ... 

_ _,_ _____ J__l_j__l_~-

13 C nutationprq/ile qf 13CH31 in Benzene-d6 ... 

. .. to Chloroform! 

Combine the new ATB probe with the 
powerful, economical MERCURY 
system, and you can access today's 
most exciting direct and indirect detection 
NMR experiments with just a mouse­
click. Just use MERCURY's intuitive 
push-button interface and automated 
system calibration and be certain in 
obtaining the very best sensitivity from 
your NMR experiment. 

1.800.356.4437 
650.424.4890 
www.varianinc.com/nmr/mercury 
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McMaster 
University · Departmer:t of 1280 '112.> S'.ree, W8S' Phc:-e: 905.525.9140 

Chemistry Har;1 :! tcn. Ontario Can2c:a ~xi. 23L9Q 
LSS t['/1 =2x 9C5.522.25C9 

June 16, 2000 (received 6/26/2CDJ) 

Dr. B.L. Shapiro 
The NMR Newsletter 
966 Elsin<:>re Cmlrt 
P~lQ AltQ, CA 
U.S.A. 94303-3410 

Dear Barry, 

Fitting Chemical Exchange Spectra 
I 

We are still messing around with chemical exchange. The simulation of 
lineshapes for both coupled and u.nc;ou_pled. systems in liquf ds is now_ unde: c;on~ol, with 
the programs MEX and MEXICO. We have also recently o.een workmg with sohds. 
Floquet theory, combined with some clever ways to diagonalize matrices, turns out to be 

I 

a good way to use to simulate the effect of exchange on spinning sideband patterns, but 
that's an<:>ther story. - . I -

We want to make the programs iterative, so that we don't have to sit in front of the 
computer, constantly tinkering with rates and other parameters. This means that we need 
to teach the computer to explore the X- surface - the hypersurface which shows the misfit 
between calculated and observed spectra, as a function oftre parameters. Ifwe 
understand the general shape of the surface, then the fitting procedure becomes clearer. 

The simplest case is two-site equally-populated exchange - the classic Gutowsky 
and Holm case. If k is the exchange rate, and the chemical shift difference is given by 2 8 
( the lines in the absence of exchange appear at +/- b), then tlie lineshape, as a function of 
freqmmcy, OJ, can be written as in equation [I]. 

. 4k282 

lmeshape === f(w) === 2 2 2 2 2 [1] 
(w -8) +4k w 

If the digitized, observed spectrum is given bys( co), where1 co is represented by the digital 
points, then the X- surface is given by equation [2]. 

X 2 = L (s(co)- f(w))2 [2] 
points 

N<:>te that sincef(w) depends on k and 4 then X- is also a function of those two variables. 
lfwe assume the fit is reasonably good, then the difference (s( w) -f( co)) is like a 
differential, d f( OJ). When we expand the differential into its partial derivative 
components, equation [2] becomes [3]. ! 
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points 

points 

Ifw~ nQw exp~nd thl~ ~1,1m, we get eq1,1~tiQ!! [4l 

x2 ="(Bf dk+ Bf do)2 
~ Bk do -pomts 

=(dk)2 L (e1)2 +2(dk)(d8) L (af)(af )+(d8)2 L (eJ )2 
points . ok points . ok . . oo points . oo 

[3] 

[4] 

This is a quadratic form, which we can plot as a function of the offsets from optimum of 
the rate and the shift difference. For the case of the rate being half of the coalescence rate, 
the plot of equation [4] is shown in the figure. -

We knQw th~t m $lQw exGh@_ge, we G~ detennme b9th the rnte ~d the $hift 
difference. If these were completely independent, the contours in the figure would be 
circular. The strong elliptical character indicates that even at this rate, there is a strong 
correlation between the rate and the shift difference. In fast exchange, of course, we can 
determine only the ratio, but the plot shows that even before coalescence, the two 
parameters are strongly correlated. 

Yours truly, 

~ 
Alex D, B~in 
bain@mcmaster.ca 
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, N ~./J TM The new paradigm in NMR chemical analysis: 

d 
· The power of FT-NMR for chemical ana01sis, 

Integrate at-line process ana01sis, in-vitro diagnosis 

NMR · A safe, non-intimidating analyzerfor "non­

Chemi cal NAIR spectroscopists" 

Analyzer . Ergonomic design in a small footprint 

• Magnet, electronics and PC-control in one 

mgged, movable unit 

• UltraShield magnet (3001400 MHz) keeps the 

5 Gauss line within the enclosure 

LIFE SCIENCE SYSTEMS • PROCESS ANALYSIS • ANALYTICAL INSTRUMENTS .iMii 



TM - Integrated NMR Chemical Analyzer 

The INCA is designed for use by technicians who need the analyti­
cal power of a modern Ff-NMR for value-added applications, but 
have limited space and support for a traditional NMR spec­
troscopy lab. 

Value-Added Applications 
The INCA is an easy-to-use, and robust solution for routine 
chemical analysis, at-line process analysis, and in-vitro diagnos­
tics. The Windows NT operating system and the programmable 
user interface enable the INCA to be operated in a routine fash­
ion by anyone using a touch screen. While the technicians may 
only have access to one (or a few) dedicated protocols, the INCA 
system can be modified by an expert spectroscopist to create rev­
enue generating protocols and other new expeliments. 

Safety 
The INCA, available at 300 and 400 MHz, radically reduces the 
footprint required for NMR. External connections are limited to 
a single power cord and an air supply. The use of the Bruker 
UltraShield magnet keeps the 5 Gauss field line within the enclo­
sure and alleviates concerns for operators not used to the safety 
aspects of an NMR lab. 

Expansion Possibilities 
The INCA can be equipped with a number of different accessories. 

190cm 

FT-NMR on 2m2 

, 98cm 

' L.- - - - - - - - - - - - - - - - - - - -li.. 
199cm 

cations: 
Height 
Length 
Depth 
Magnet 
Computer 

OS 
Display 

RF Specifications 
NMRMethods 
VT 

.B0-gradient 
Probes 

1900 mm (6'2") 
1990 mm (6'6") 
980 mm (3'3") 
300/400 MHz UltraShield 
Pentium PC 
Windows NT 
LCD Flat Panel Touchscreen 

· same as AVANCE Se1ies 
full AVANCE pulse libra1y 
optional 
optional 
Application-specific 

Add SampleTrack, our LIMS software for data tracking, and one of our many sample handling systems for complete automation 
from data submission to output of results. Samples can be delivered in conventional NMR tubes and placed into our NMR CASE™ 
autosampler. Or use one of our many flow probes together with the Gilson Autosampler for high throughput applications. Post 
processing of the data with Bruker AMIX software gives easy access to multi-variate analysis. The INCA can be customized to meet 
your exact specifications for varied sample delivery and measurement! 
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Magnet pressure regulation; take a rAP. 

(received 7 /'J.2./'2fJJJ) 
Nijmegen, June 30, 1999 

Variations in atmospheric pressure hamper optimal use of modern high-field high-resolution NMR 
r 

spectrometers. This is caused by the fact that pressure variations cause variations in the boiling temperature 
of He and thus induce instabilities in the magnet. As a consequence, absolute pressure regulators for the 
helium Dewar have become a standard part of high-field magnets iliat are newly installed. 
So far the available pressure regulation-units are electronic devices hsing an absolute pressure sensor and 
a regulated helium valve. The valves in use are of the "normally open'r-type to minimize dangerous situations 
in case of a power failure. In general, however, there is always the risk of a malfunction in such an electronic 
device, which, if not potentially dangerous, can be a nuisance if iliey cause degradation of the obtained 
spectra. Furthermore, there is the matter of cost if one wants to instill! these devices on older magnets. 
We have developed a simple alternative for the electronic pressure r~gulators, based on physical principles 
only. The idea is very straightforward as will be described below. Our first prototype built a few weeks ago 
was tested on an Oxford 600 widebore magnet and performed accordµJ.g to our expectations. We would like 
to call it the Nijmegen Absolute Pressure (NAP)-regulation, it certainly avoids losing precious sleep worrying 
over pressure regulation. The basic operation is explained by means of the drawing in Figure I. 

l 
CD ; 

heliumgas from 
magnet 

Fig. 1: Schematic setup of the "Nijmegen Double Barrel" 

l 

The device consists of two vessels, denoted A and B and two pipes C and D. The vessels A and B are 
connected as shown. Vessel B is partly filled with oil whereas a pressure above normal atmospheric pressure 
is applied to vessel A As a result the oil rises in the pipes C and D dde to the difference in pressure in vessel 
A and the room pressure. ! 
In the test setup we have chosen a large volume of I 00 liters for vessel A filled with nitrogen to a reference 
pressure of 1042 mbar. Vessel Bis partly filled with oil (p=0.83 gr/ciii3). The cross section of pipes C (0.95 
cm2

) and D (0.28 cm2
) is small compared to that of vessel B which hks a surface area of250 cm2

. The inlet 
for the helium gas is ~ I 0cm (f) above the oil level in B. It can easilyj be seen that the outlet pressure of the 

I 
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magnet is going to be 1042 - 0.83 * 10 = 1034 mbar. This is exactly what we measure. We do not observe 
any noticeable variation of the magnet pressure with varying atmospheric pressure. We do observe a 
dependence of ambient temperature and magnet pressure. 
This is fully understandable ifwe look at the gas laws. A simple calculation shows that atmospheric pressure 
variations are scaled down by a factor 0.005 (pipe area/ area vessel B) at the magnet outlet if we assume the 
volume of A large enough so that its pressure remains constant. To give a practical example: an increase of 
10 mbar in atmospheric pressure will cause the height "e" to change 10 /.83 = 12 cm in first approximation. 
The volume decrease in A will only be 12*(0.95-1-0.28)=14.75 cm3 giving rise to a negligible pressure rise 
of (14.75/100000)*1042=0.15 mbar. The level in B is changing by only 14.75/250 = -0.059 cm, 
corresponding to a pressure change of -0.05 mbar. Normal changes in atmospheric pressure thus cause 
negligible pressure variations at the magnet outlet. 
The sensitivity for temperature variations is a different matter, as these variations will cause a variation in 
the pressure of vessel A; an increase in temperature of I degree will cause the pressure in A to go up by 3.5 
mbar. As the temperature in NMR labs is regulated anyhow we consider this a minor drawback. 
The level in pipe C will be higher than that in D because the average specific gravity of the oil-helium 
mixture in C is less than that of the "pure" oil in D. Also the oil level in C will be diffuse because of the 
helium bubbles. This does not influence the static pressure at height "f" above the oil surface, meaning the 
regulated pressure can be exactly determined in pipe D, without influencing the regulating power of the 
device. The relative difference in height between the two levels in C and D is indicative for the evaporation 
rate of the magnet. This way the device, alternatively named the "Double Barrel" serves two purposes. It 
maintains an absolute pressure in the helium Dewar and it is indicative for its evaporation rate. 
The first advantage over an electronic device is the absence of electronic circuits. The worst thing that can 
happen to the setup, a leak any of the components, results in a safe situation where the magnet boils off at 
atmospheric pressure. The second one is the costs that are involved, which is a fraction of the costs of 
commercially available units. A third advantage is its visibility; one look at the device indicates strange 
changes in pressure and gives a good indication of the evaporation rate of the Dewar. 
The disadvantages of the device are the temperature dependence and the volume of the reference vessel A. 
The temperature dependence of the device is about 3.5 mbar per Kelvin. This is not a major problem because 
if the temperature stability in the magnet area is poor, the magnet will be unstable anyhow. The second 
disadvantage, that of the volume in A, can be overcome by doing some arithmetic. Our prototype is based 
upon neglecting pressure variations in A by choosing a large volume. As we already saw, an increase in 
atmospheric pressure causes an increase of the pressure in A and as a result a slight decrease in the magnet 
pressure. We can put this to our advantage. A proper choice of the volume of A leads to a cancellation of 
external pressure variations at the magnet outlet. Calculations show that with our current setup we would 
need volumes between 2.5 to 5 liters, making the device small enough to attach it as a whole to the magnet. 
When the color of the "reminder" gives rise to it, we will probably report on this "small NAP". 

Best wishes, 

Hans Janssen Geerten Vuister Amo Kentgens 

National HF-NMR Facility, University of Nijmegen, Toernooiveld 1, NL-6525 ED Nijmegen, The Netherlands. FAX xx31-24-3652112 
Dr. A.P.M. Kentgens, supervisor solid-state NMR, tel. +31-24-3652078 / 3652369 I e-mail: arno@solidmr.kun.nl 
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Compressed Air Supplies for NMR Spectrometers: An Update 

Dear Barry, 

Since we described a quiet, self-contained compressed air supply for NMR spectrometers 
based on a Powerex rotary scroll air compressor in our 1995 letter (The NMR Newsletter, No. 
442), we have received many inquiries about this system. In the six years since that system was 
installed, there have been several significant developments which we would like to pass on to your 
readers. 

First and most importantly, we wish to emphasize the danger presented by using a glass 
bottle to collect the condensed water from the compressor, tank, and air driers. Originally, we had 
used a polyethylene carboy for condensate collection but this container soon split open at the seams 
due to mechanical fatigue from numerous cycles of compression and depressurization. We then 
switched to using a 25 liter glass bottle, which worked without incident for more than four years 
before exploding early one morning, spraying glass shrapnel into every comer of the NMR room! 
Fortunately, there were no injuries or property damage, but we now use a bottle completely 
wrapped in duct tape and sealed inside a thick-walled steel barrel filled with absorbent material. 
Because the level of condensate in the collector is no longer directly visible, we use a rod attached 
to a cork floating on the liquid surface to determine when the bottle should be emptied. Based on 
this experience, we strongly advise anyone installing a compressed air system to discharge the 
condensate into a sink or drain pipe if possible and to carefully consider how the pressure built up 
by each discharge cycle will be vented. 

Another major point of failure in the original design was the pneumatic condensate drain 
valves. These valves were designed to automatically open when the condensate collected caused a 
certain preset pressure drop and were attractive because they required no electrical supply or 
timers. Unfortunately, all of the pneumatic valves, both on the refrigerated and desiccant driers, 
eventually became clogged with scale and dirt and subsequently failed. We replaced them with 
solenoid-activated valves controlled by an electronic timer. These proved much more reliable, but 
were vulnerable to sticking in the open position, causing a loss of air pressure and sometimes a 
compressor shutdown due to excessive duty cycle and overheating. At present, we are installing 
electrically-operated ball valves, which promise to be yet more resistant to clogging. 

After six years of operation, the compressor itself began to overheat regularly and we 
found that the rotary scroll compressor head had seized, probably due to a failure of the tip seals. 
These tip seals are an important potential point of failure in the scroll compressor design and they 
must be replaced by a factory-trained technician every 10,000 hours of operation. The compressor 
failure may also have been associated with the earlier failure of a gate-type check valve attached to 
the compressor's built-in tank. When this valve failed, the compressor began to run backwards for 
several seconds each time the motor shut off until, eventually, the gate flap within the valve broke 
off and was sucked into the scroll assembly. After this incident, we replaced the gate-type check 
valve with a spring-loaded ball valve, which has proved highly reliable. Ultimately, we decided to 
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replace the entire compressor, and so we reviewed the currently-available compressor technology 
and came to the conclusion that the rotary scroll compressor is still the only viable option if one 
must put the compressor in an inhabited area, especially the NMR room itself. Consequently, we 
ordered a replacement compressor of the same type, except with a 5 HP capacity to decrease the 
duty cycle and therefore, we hope, prolong the compressor's lifetime. We should emphasize that it 
is the Balston air drier which really uses up most of the compressor's capacity, and the 3 HP unit 
was marginally too small to accommodate this demand. 

When installing a new rotary scroll compressor, we have found that it is crucial to measure 
the actual voltages supplied to the unit and to compare them to the motor's voltage settings. 
Because the rotary scroll compressor is completely enclosed on all sides, it is especially vulnerable 
to overheating when the line voltages are too low and thus the motor's current drain becomes 
excessive. In addition, we highly recommend having a stock of spare parts and supplies on hand 
for routine and emergency maintenance. These supplies include the following items: 

Powerex grease (special formulation; do not use third-party products) 
V-belts 
Replacement motor starter 
Check valves 
Safety exhaust valve 
Replacement Balston-Whatman filters 

The Balston air drier originally installed on our compressed air system is still going strong, 
although it required a valve overhaul at the factory after about four years of continuous service. 
More recently, Balston-Whatman has introduced membrane air driers which reduce the dew point 
to only -40° C rather than -100° C but seem much more robust and less complicated than the 
desiccant driers. If one will be using compressed air only above -40° C, then we would suggest 
considering a membrane air drier since these are simpler and require less compressor capacity than 
the desiccant air driers. 

We thank all readers who have expressed interest in our compressed air system and will be 
pleased to provide any details on manufacturers, installation and operation procedures, or 
specifications associated with this system. 

Sincerely, 

J:::!b~ 
Facility Manager, NMR Unit 
NIH/NINGRC 

Phone: (410) 558-8512 
FAX: (410) 558-8376 or 8323 
Email: fishbein@vax.grc.nia.nih.gov 

k;(J~ 
Richard G.S. Spencer 
Chief, NMR Unit 
NIH/NINGRC 
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20th June 2000 

(received 7 /14/2!JJJ) 

Dear Barry, 

Prof B.L. Shapiro, 
The NMR Newsletter, 
966 Elsinore Court, 
Palo Alto, 
CA 94303-3410, USA. 

Dynamics of hindered 5,6-diarylacenaphthenes 

Some colleagues (Andy Whiting at UMIST, and Mike Watkinson and Romano 

Kroemer here at QMW) and I have been using a combination of single crystal X-ray work, 

OMe OMe 

molecular modelling and 1H NMR to study the barriers to rotation 

in some substituted diarylacenaphthenes. When the R groups are 

both methyl, the compound crystallises as a single syn atropisomer 

(see below). If the R groups are both t-butyl the compound 

crystallises as the anti atropisomer. The modelling ( quantum 

chemical calculations using Hartree-F ock theory and density 

:functional theory) is in agreement with the crystallography in 

showing the planes of the peri phenyl rings to be nearly parallel, 

but with a dihedral angle about 60° between a phenyl ring plane 

and the plane of the naphthalene part. In solution we must consider two degenerate syn 

conformers (see below) in rapid equilibrium. At low temperature (213 to 253 Kin CDCh) 

separate signals due to the syn and anti atropisomers are seen and these broaden and coalesce 

in the range 273 to 323 K From the low temperature NMR data for the dimethyl compound 

we calculate Ml' and tJ.S' for the anti ~ syn-i, i = 1 OR 2 equih'brium; Ml' = -0.19 kcal mor1 
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and D.S" = -1.8 cal K"1 mor1
. From the exchange broadened spectra, using band-shape analysis 

anti syn-1 syn-2 

the rate coefficient for the exchange varied from 2.4 s·1 at 

273 K to 452 s·1 at 323 K, and an Eyring plot yielded a value for the activation enthalpy, !::Ji* 

= 17.3 kcal mo1"1 and activation entropy, t:.S* = 7.1 cal K-1 mo1"1
• The calculated activation 

energy for the interconversion was 17.9 kcal mor1 (HF/3-21G) or 13.2 kcal mor1 using DFf 

(B3LYP). The Hartree-Fock calculation gave the better correlation with experiment. The 

experimental and calculated (HF) activation parameters for the di-t-butyl comp·ound were very 

similar (within 1 kcal mo1"1
), indicating that the process does not involve a clash of the 

substituent alkyl groups. A third compound was prepared with R = t-butyl and with additional 

methyl groups at the 5' and 5" positions, in an attempt to raise the barrier significantly. 

However the barrier was only slightly increased - experimental !::Ji* = 20.5 kcal mol"1 and llS* 

= 13.9 cal K"1 mor1, and HF-calculated 18.9 kcal mor1. Modelling of the transition state 

showed significant non-planarity of the naphthalene ring system, and this distortion increases 

the distance between the phenyl rings thereby reducing steric repulsion in the transition state. 

One significant conclusion is that bulky substituents in the meta positions (3'/3" and 5'/5") are 

not capable of stabilising a single atropisomeric form. 

Best wishes. 

Yours sincerely, 

Dr. G.E. Hawkes Rima Nasser 
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June 29, 2000 

" Bernard L. Shapiro, Ph.D. 
Editor, The NMR Newsletter 
966 Elsinore Court 
Palo Alto, CA 94303 

Dear Barry, 

VARI.AN 

Gary E. Martin, Ph.D. 
Distinguised Scientist & Group Leader 

Rapid Structure Characterization Group 
Phannaceutical Development 

MS#4821-259-277 
(616) 833-6283 (voice) 

(616) 833-6743 (fax) 
gary.e.martin@am.pnu.com : e-mail 

2J,3J-HMBC: Unequivocal 
Differentiation of 2Jca from 3JrnLong-range 

Correlations to Protonated Carbons 

Continuing with the development of new, accordion-optimized, long-range heteronuclear shift correlation experiments, 
we'd like to take this opportunity to describe the 2J,3J-HMBC experiment.' This new, proton-detected, long-range 
experiment provides the means of unequivocally differentiating two-bond from three-bond correlations to protonated 
carbons. Our new experiment has it's origin quite a number of years ago, in 1985 to be specific, when a number of labs 
were engaged in the development of new long-range heteronuclear shift correlation experiments. 2 In one report, Reynolds 
described an experiment that he called XCORFE.3 That experiment utilized a BIRD pulse to provide the means of 
differentiating, in a heteronucleus-detected long-range experiment (Ad wouldn't give us the gift of HMBC for another 
year!), two-bond from three-bond long-range correlations to protonated carbons. The experiment which we now report, 
2J,3J-HMBC, incorporates a BIRD pulse within a constant time variable delay first introduced in the IMPEACH-MBC 
experiment4 and subsequently modified with the recently reported CIGAR-HMBC experiment5 to accomplish the same 
task. The BIRD pulse is used much as in the XCORFE experiment3 to selectively manipulate particular components of 
magnetization, thereby providing the basis for differentiation between two-bond and three-bond long-range heteronuclear 
correlations. The new operator has been given the acronym STAR (Selectively Tailored Accordion F1 Refocusing), and is 
incorporated within the constant time variable delay. The experiment also incorporates the idea of Jscaling to enhance the 
differentiation of two- and three-bond long-range correlations as introduced with the CIGAR-HMBC experiment.5 

The constant time variable delay, as employed in the IMPEACH-MBC4 experiment and further refined in the CIGAR­
HMBC5 experiment is shown in Figure 1. The constant time variable delay is contained within the shaded area of the pulse 
sequence. Despite its' rather oxymoronic name, this pulse sequence element has a constant time for the evolution of 
homonuclear coupling modulations, which eliminates this modulation. At the same time the pulse sequence element serves 
as a variable delay for the heteronulcear couplings of interest which are to be sampled in an accordion fashion in the 
experiment. The idea of accordion-optimized long-range delays was introduced in the work of Wagner and Berger in their 
description of the ACCORD-HMBC experiment. 6 Our more rigorous analysis of ACCORD-HMBC 7 led to the 
determination that F1 response "skew" is a function of the optimization range of the experiment, the number of increments 
of the evolution time used to digitize the second time domain, and the spectral width in the second dimension. The 
unfortuitous choice of parameters for an ACCORD-HMBC experiment,7 can lead to long-range response overlap in the 
second frequency domain as a result of responses that can be several kilohertz in width in F 1. Conversely, the F1 skew of 
long-range responses can be used as a determinant of response authenticity, as noise and other random events are not 
subject to proton homonuclear coupling modulation during the variable delay of the ACCORD-HMBC experiment, and are 
thus not subject to F1 skew. 

The first portion of the constant time variable delay is an interval, D, is split by a 180° 13C pulse. The second portion of the 
pulse sequence element is a variable delay, vd, analogous to that in the ACCORD-HMBC experiment. F1 modulation in 
ACCORD-HMBC experiments arises as a function ofhomonuclear 1H frequency modulation during the variable delay, vd, 
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which serves as a pseudo-evolution period for this process.0 By keeping the overall delay duration constant, 1H frequency 
modulation, obviously, can be suppressed.4'

5 To allow the sampling of a range of potential heteronuclear long-range 
couplings, however, the duration of time interval during which heteronuclear couplings are sampled must be of variable 
duration. To achieve these seemingly conflicting objectives, the constant time variable delay first maintains the overall 
time constant to suppress 1H frequency modulation. As the duration of vd is decremented with successive increments of the 
evolution time, t1, the overall duration of the delay, D, is incremented by the same amount. To sample heteronuclear 
couplings using a variable duration delay, the 180° 13C pulse at D/2 refocuses the heteronuclear couplings at D. Hence, 
heteronuclear couplings evolve only during the variable portion of the delay represented by vd. In this fashion, as the 
duration of vd is successively decremented in successive increments of the evolution time, t1, thus, the sampling of a range 
of long-range couplings is facilitated in a manner analogous to the ACCORD-HMBC experiment.6•

7 

lnterpulse 
Delay 

Low-Pass 
J Filter 

D 

Constant Time 
variable Delay 

Evolution Constant Time 
Variable Delay 

Low-Pass 
J Filter 

Equivalent 
Delay 

<l>R 

Figure 1. IMPEACH-MBC pulse 
sequence. 4 The constant duration of the 
constant time variable delay (high­
lighted region prior to evolution and 
identical unhighlighted component 
following evolution) suppressess F1 

modulation characteristic of the 
ACCORD-HMBC experiment. 
Heteronuclear long-range couplings are 
allowed to evolve only during the 
variable, vd, portion of the constant 
time variable delay. In this fashion, a 
range of long-range couplings can be 
sampled in the experiment despite the 
constant duration of the time interval. 
The phase of the unlabeled pulses in the 
sequence was held constant at 0. 

The cycled phases were: 4>1 = 0202; 4> 2 = 0202; <l>R = 0220. Gradient ratios were 2 : 2: 27 : -18 : -9 : 9 : -9 : 2: 2: -1 G 
cm·1

• The sequence shown allows broadband X-decoupling during acquisition. If decoupling is not desirable, the second 
set of constant time variable delays and the low-pass I-filter equivalent delay can be eliminated, thereby improving 
sensitivity. 

The IMPEACH-MBC experiment successfully eliminated the problem of potential long-range response overlap inherent to 
the ACCORD-HMBC experiment. With IMPEACH-MBC, it was possible to digitize as dictated by resolution 
requirements of the sample being studied in the second frequency domain rather than having to resort to high digitization in 
the second time/frequency domain as a means of partially ameliorating the problems of response modulation. The down 
side of the IMPEACH-MBC experiment, unfortunately, was to rob the investigator of the first real means of response 
authentication for weak responses.4 The subsequently reported CIGAR-HMBC experiment was fashioned to allow the 
reintroduction of a user-determined amount ofF1 response modulation for use as a determinant of response authenticity.5 

The CIGAR-HMBC pulse sequence is shown below in Figure 2. The fundamental difference between CIGAR-HMBC and 
the predecessor IMPEACH-MBC experiment is in the manipulation of the delays during the constant time variable delay. 
As will be noted by examining the shaded segment of the figure, the delays flanking the 180° 13C pulse during the constant 
time variable delay are no longer the simple D/2 delay used in the IMPEACH-MBC experiment.4 The D/2 segments of the 
delay are still present but are now incremented by ( 'tmax - -rmin,)/ni ( where ni = the number of increments of the evolution 
time, t1) as in the IMPEACH-MBC experiment in concert with the decrementation of the variable portion of the delay, vd. 
The delays flanking the 180° 13C pulse are further manipulated to reintroduce user-defined F1 modulation by incrementing 
the delay by a furtherLl2/2, where Ll2 is defined as CI scale - l)t1. This additional incrementation reintroduces a pseudo­
evolution time of user-determined duration for proton homonuclear coupling modulation analogous to that which is present 
in a parameter dependent manner in the ACCORD-HMBC experiment.7 
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Figure 2. CIGAR-HMBC pulse 
sequence.5 The modified constant 
duration of the constant time variable 
delay (highlighted region prior to 
evolution) allows the introduction of 
user-defined F1 modulation 
characteristics like those inherent to 
long-range responses in the ACCORD­
HMBC experiment. Heteronuclear 
long-range couplings are allowed to 
evolve only during the variable, vd, 
portion of the constant time variable 
delay as in the IMPEACH-MBC 
experiment.4 The delay, D, which is 
halved to flank the 180° 13C pulse at 
D/2 in the constant time variable delay 
is 

first manipulated by incrementation as in the IMPEACH-MBC experiment (i.e. by ('tmax - 'tmin)/ni where ni = the number of 
increments of the evolution time, t1). The duration of D is further manipulated by the addition of the te~2. where D.2 is 
defined as OscaJe -l)t1. The term I scale is the user-selected scaling parameter and t1 is the evolution time as usual. The phase 
of the unlabeled pulses in the sequence was held constant at 0. Phases of the other pulses are as follows: <1> 1 = 0202; <1>2 = 
0022; <l>R = 0220. Again, if broadband X-decoupling during acquisition is not desired, the symmetric delay interval can be 
eliminated to improve sensitivity. 

There are three possible choices for the parameter IscaJe in a CIGAR-HMBC experiment. First, by setting IscaJe = 0, the 
overall duration of D/2+!).2/2 is decremented by the D.2/2 term. Choosing this value of I scale provides an experiment with a 
constant overall duration, which completely eliminates the small homonuclear coupling modulation inherent to both 
HMBC/GHMBC and IMPEACH-MBC. In this sense, when I scale= 0, the CIGAR-HMBC experiment performs in a fashion 
analogous to the CT-HMBC experiments described by Furihata and Seto.8 This choice affords the highest possible F1 

resolution. Next, setting Iscaie= 1 gives an experimental result that is identical to that obtained with the IMPEACH-MBC 
experiment. The F1 modulation inherent to the ACCORD-HMBC experiment is suppressed, the homonuclear modulation 
which arises from the incrementation of the evolution period, t1, is unaffected. Finally, and most interesting, are the results 
which are obtained when the CIGAR-HMBC experiment is performed with Isca1e> 1. In this case, as described above, user­
determined F1 skew is reintroduced as a characteristic of the long-range correlation responses that can serve as a 
determinant ofresopnse authenticity. Spectral segments extracted from five spectra (ACCORD-HMBC, CIGAR-HMBC 
with I scale = 0, 5, and 10, and IMPEACH-MBC) are shown, and discussed comparatively in Figure 3. 

The ability to control F1 skew by the user-selected paramter I scale increases the utility of the CIGAR-HMBC experiment 
considerably relative to the IMPEACH-MBC experiment. In particular, the ability to introduce a controlled amount ofF1 

skew into the spectrum returns to the investigator a powerful means of long-range response authentication. Response 
authentication can be extremely useful in the case of weak, long-range responses, e.g. 4JcH correlations which are frequently 
observed in accordion-optimized long-range experiments when broad excitation ranges are employed. Further, relative to 
the ACCORD-HMBC experiment, the CIGAR-HMBC also has the advantage ofF1 response skew being independent of the 
number of increments selected to digitize the second frequency domain. 

The experimental developments in accordion-optimized long-range experiments over the past year set the stage for the 
current modification of the constant time variable delay contained in the 2J,3J-HMBC experiment. The constant time 
variable delay is further modified by the incorporation of the ST AR operator (Selectively Tailored Accordion F1 Rescaling) 
shown in Figure 3. 
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Figure 3. STAR Operator (Selectively 
Tailored Accordion F1 Refocusing) shown 
within a constant time variable delay. 
Heteronuclear long-range components of 
magnetization are refocused at the end of 
the D, ~1, and IQ. segments of the pulse 
sequence operator by the 180° 13C pulses 
located midway through each of the 
segments. Long-range heteronuclear 
couplings are sampled only during the 
variable portion (for them) of the delay, 
vd. Vicinal proton-proton homonuclear 
couplings of the type 3JHH(B) shown for 1 
evolve in constant time over both the 
ST AR operator and throughout the 
constant time variable delay. Thus, these 
responses have no F1 skew. In contrast, 
vicinal proton-proton homonuclear 
couplings of the type 3JHH(A) are manip­
ulated rather differently during the ST AR 
operator. The BIRD pulse centered in ~2 
is selective for protons directly bound to 
13C. Hence, these protons are refocused 
during the IQ. interval of the experiment. 

The duration of the ~1 interval of the ST AR operator begins at zero and is incremented to Iscaie x t1max (where t1max is the 
acquisition time in F 1) by steps of I scale x t1• The duration of ~2, in contrast, begins at I scale x t1max and is decremented to 
zero in steps of I scale x t1, keeping the overall duration of the ST AR operator constant. Since the vicinal couplings 3JHH(A) 
are refocused by the BIRD pulse centered in ~2, these homonuclear couplings evolve in variable time during the ~1 
interval of the STAR operator (shaded areas of bar above the pulse sequence operator) . As in the ACCORD-HMBC 
experiment,7 the evolution of homonuclear couplings in variable time leads to F1 skew for the associated long-range 
heteronuclear coupling. In this case, however, the F1 skew is associated exclusively with two-bond long-range 
heteronuclear couplings, e.g. the two-bond coupling of C2H-13C1 as shown by 1. Four bond homonuclear couplings, where 
4JHH - 0 Hz, are not expected to be affected by the operation of the STAR operator. 

The incorporation of the constant time variable delay containing the ST AR operator is shown in Figure 4. The dual stage 
gradient low pass J-filters employs gradients Gl-G3, which must sum to zero (e.g. 15, -10, -5 Gcm-1

). The gradients during 
the Mand IQ. intervals, G4/G5 and G6/G7, are applied and set pairwise and must also sum to zero (e.g. 10, -10 Gcm-1). 
Gradients G8-G10 are the coherence selection gradients and are applied, as usual, in a 2:2:1 ratio for 1H-13C or 5:5:1 for 
1H-15N correlation experiments (or comparable ratios). The phase of the 90° 13C pulse that precedes evolution and the 
receiver are cycled as 0202; the phase of all other pulses are held at 0. 
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Figure 4. 
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Complete 2J,3J-HMBC pulse sequence schematic. Gradients during the gradient dual-stage low-pass J-filter 
are set to sum to zero (e.g. 15, -10, -5 Gem·'); the pairwise gradients flanking the 180° 13C pulse applied 
during Al and flanking the BIRD pulse centered in A2 also must sum to zero. The coherence selection 
gradients, G8-Gl0, are applied in a 2:2:1 ratio (or a comparable ratio) for 1H-13C or 5:5:1 for 1H-15N. The 
duration of the Al and A2 intervals (see Figure 3) is established as a function of I scale and timax· The phase of 
the 90° 13C pulse that precedes the evolution period, ti, and the receiver phase are cycled as 0202; the phase of 
all other pulses is held constant. 

To illustrate schematically, the results expected from the 2J,3J-HMBC experiment, consider long-range correlations of the 
H-lla. resonance of strychnine (2) to C-12 and C-13 via two- and three-bonds, respectively. Because of the operation of 
the STAR operator, the homonuclear coupling between H-lla.-Hl2 is decoupled during A2, leading to evolution in variable 
time during the Al interval of the ST AR operator. This leads to the selective F1 skew of the 2JcH long-range response 
correlating H-l la.-Cl2. The vicinal coupling between H-12-H-13 is unaffected by the STAR operator, allowing this 
coupling to evolve in constant time. Hence, the H-lla.-C-13 3Jc8 correlation response is unaffected by the STAR operator 
and does not exhibit F1 skew. These responses are illustrated schematically in Figure 5. A plot of the aliphatic region of the 
2J,3J-HMBC spectrum of strychnine is shown in Figure 6. 
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Figure 5. Schematic representation of the expected 
response appearance for the 2JCH coupling ofH-lla to 
C-12 vs. the 3JcH correlation to C-13. Homonuclear 
coupling between H-l la-Hl2 is decoupled during /12 
in the ST AR operator leading to evolution in variable 
time during the /11 interval of the ST AR operator for 
this homonuclear vicinal coupling. This leads to the 
selective F1 skew of the 2JcH long-range response 
correlating H-lla-Cl2. The vicinal coupling between 
H-12-H-13 is unaffected by the ST AR operator, hence, 
the H-llo:-C-13 3JcH correlation response is unaffected 
and does not exhibit F1 skew. 
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Figure 6. 2J,3J-HMBC spectrum of 
the aliphatic region of strychnine 
(2). The experiment was run with 
the parameter I scale= 16; the 
accordion optimization range of the 
variable delay was from 6 (83 msec) 
to 10 (50 msec) Hz. Data were 
acquired as 2048 x 128 points with 
spectral widths in F2 and F1 of 4,454 
and 28269 Hz, respectively. Two­
bond correlation responses 
exhibiting characteristic F1 skew 
(see Figure 4) are enclosed in boxes 
in the right panel. The long-range 
correlations from H-llo: to C-12 
and C-13 are shown in the 
expansion in the left panel to show 
detail. 
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The degree ofF1 skew exhibited by 2JcH responses is "adjusted" by the parameter Isca1e' as shown in Figure 7. As larger 
values of I scale are employed, a progressively greater degree of F1 skew is exhibited by two-bond correlation responses. The 
value of J scale should, however, be used judiciously since there are signal losses associated with lengthening the duration of 
the components of the ST AR operator when large values of I scale are utilized. 
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J .uL. l Figure 7. 2J,3J-HMBC segments 
showing correlations to the C-3 

'1!1 • 6 E •I resonance of 2-pentanone. The 
2JCH correlation from H4-C3 shows 

·111 •I 
( 1.55 ppm) shows the effect of 

• , D increasing the value of the 
parameter Iscalc· All panels were 
taken from experiments performed 

,:1!1 • ;;, C •I taking 2048 x 128 points with an 
accordion optimization range of 6-
lOHz. 
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Positions Available 

Pharmacia Corporation is a global pharmaceutical company with an R&D pipeline of exceptional strength and depth. Our 
research philosophy values creativity, scientific rigor, teamwork, and personal as well as professional satisfaction. We 
invite you to be an integral member of our scientific team. The following opportunities are available in the structural 
chemistry NMR group at Pharmacia Corporation's Kalamazoo, MI facility. 

Position #901129. This position requires a Ph.D. in Biochemistry, Biophysics or Chemistry. As a member of the 
structural chemistry NMR group you will impact drug discovery and drug design projects by identifying lead chemical 
templates and determining the structures of proteins or protein/ligand complexes. The successful candidate will have 
considerable experience in NMR instrumentation, methods and pulse sequence development, including multidimensional 
heteronuclear experiments, as applied to ligand screening or protein structure determination. Experience in all aspects of 
protein NMR spectroscopy, including data collection, data analysis and determination of solution structures is required. 
Strong publications history and communication skills are required. 

Position #901131 . This position requires an M.S. in Biochemistry, Biophysics or Chemistry or B.S. with a minimum of 2 
years of experience with NMR spectroscopy. As a member of the structural chemistry NMR group you will impact drug 
discovery and drug design projects by identifying and evaluating lead chemical templates. The successful candidate will 
develop, implement and apply NMR screening methodologies, and will interface with the biological and chemical 
communities to conduct detailed studies of protein/ligand interactions. Experience in flow NMR instrumentation as 
applied to ligand screening, as well as modem NMR methods used to study protein/ligand interactions, is highly desired. 
Excellent communication, data management and technical writing skills are required. 

If you can meet our high expectations, you can make a real difference with Pharmacia Corporation. For confidential 
consideration, please indicate the position # that you are applying for and email or mail your resume to: 
brian.j.stockman@am.pnu.com or Dr. Brian J. Stockman, Pharmacia Corporation, Structural, Analytical & 
Medicinal Chemistry, 301 Henrietta St., Kalamazoo, MI 49001. An equal opportunity employer, we value a diverse 
combination of ideas, perspectives, and cultures. 
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WAKE FOREST 
SCHOOL of MEDICINE 

THE BOWMA N GRAY CAMPUS 

Department of Biochemistry 

July 24, 2000 

(received 7 /ZB/'lSJJJ) 

Dr. B.L. Shapiro 
The NMR Newsletter 
966 Elsinore Court 
Palo Alto, CA 94303-3410 

Position Available 

Dear Barry: It has been a crazy couple of months, during my re-location to Wake Forest 
University School of Medicine (Bowman-Gray). It took a few weeks for my furniture to find 
my new home and by then my wife had a new baby boy (Karl Henry Grneiner, our third boy, 
so much for NMR spectroscopists having girls). Anyways, I am now Chair of the 
Biochemistry Department here, and we plan on recruiting an Assistant Professor (tenure­
track) in the area of NMR Spectroscopy of proteins. Interested individuals may send their 
CV and names of two references to: 

William H. Grneiner 
Professor and Chair 
Department of Biochemistry 
Wake Forest University School of Medicine 
Medical Center Boulevard 
Winston-Salem, NC 27157-1016 

Sincerely yours, 

William H. Grneiner, Ph.D. 
Professor and Chair 

Medical Center Boulevard, Winston-Salem, North Carolina 27157-1019 (336) 716-4689 / fax (336) 716-4204 / Biochemistry fax (336) 716-7671 
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Address all Newsletter Deadline Dates 
correspondence to: 

No. 5014 (Sept.) 24 Aug. 2000 
Dr. B. L. Shapiro 

The NMR Newsletter No. 505 (Oct.) 27 Sept. 2000 
966 Elsinore Court 

Palo Alto, CA 94303. No. 506 (Nov.) 27 Oct. 2000 

650-493-5971 * -Please call 
only between 8:00 am and No. 507 Dec.) 24 Nov. 2000 

10:00 pm, Pacific Coast time. 
No. 508 (Jan.) 22 Dec. 2000 

* Fax: 650-493-1348, at any hour. Do not use fax for technical contributions to the 
Newsletter, for the received fax quality is very inadequate. 

* E-mail: shapiro@nmrnewsletter.com 

* The Newsletter's fiscal viability depends very heavily on the funds 
provided by our Advertisers and Sponsors. Please do whatever you can 

to let them know that their support is noted and appreciated. 
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